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 Weather continues to play a dominant role in agricultural production 
despite many technological advances made. Increased occurrence of 
extreme weather events and its impact on Indian agriculture are evident 
from fall in food grain production during 2002 and 2009 droughts. It is 
Preface
projected that occurrence of extreme weather events are likely to increase further in near 
future due to climate change.
 
 In this background, the All India Coordinated Research Project on Agrometeorology 
(AICRPAM) has to play significant role in identifying regions vulnerable to climate change, 
development of adaptation strategies and dissemination of weather-based agro advisories. 
Towards achieveing this goal, AICRPAM has been carrying out research on impacts of higher 
temperature and change in rainfall patterns on crops through modeling, preparation of 
contingency crop plans for different rainfall situations, find out optimum weather requirements 
at different growth stages of important crops; development of weather insurance products, 
decision support systems for crop management and forewarning of pests and diseases through 
its Network Centre located in different agroclimatic zones of the country. Modern tools like 
remote sensing, GIS and Information Communication Technoloty (ICT) have also been used 
in dissemination of research information and agro advisories.
 The efforts of the Cooperating Centres of AICRPAM in pursuing the assigned research 
programs are commendable. However, more needs to be done in areas such as preparation 
of crop contingency plans at district level, dissemination of agro advisories at the block level 
and preparation of mitigation measures to reduce the impact of climate change on agriculture 
and its allied fields. There is a need for strong linkages between AICRPAM, AICRPDA and 
NPCC to improve the production and minimize the climate risks in dryland agriculture for 
sustainable production. The Annual Progress Report of 2009 contains results of research 
carried out during Rabi 2008-09 and Kharif 2009 across 25 centres in the country. I take this 
opportunity to congratulate the efforts made by the agrometeorologists of all the centtes and 
the Project Coordinator, Dr. GGSN Rao and his staff at the Coordinating Unit in compilation 
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 The All India Coordinated Research Project on Agrometeorology was initiated by ICAR 
in May 1983 with the establishment of Coordinating Cell at the Central Research Institute for 
Dryland Agriculture, Hyderabad and 12 Cooperating Centres at various State Agricultural 
Universities. After evaluating the progress made by the project and realizing the importance 
of agrometeorological research support for enhancing food production, ICAR had extended 
the Cooperating Centres to the remaining 13 Agricultural Universities of the country w.e.f. 
April 1995. The network of 25 Agrometeorological Cooperating Centres are Akola, Anantapur, 
Anand, Arjia, Bangalore, Bhubaneswar, Bijapur, Dapoli, Faizabad, Hisar, Jabalpur, Jorhat, 
Kanpur, Kovilpatti, Ludhiana, Mohanpur, Palampur, Parbhani, Raipur, Rakh Dhiansar, 
Ranchi, Ranichauri, Samastipur, Solapur and Thrissur.  The Third Quinquinnial Review Team 
has reviewed the research progress of the project in 1992, 1998-99 and recently in 2006.
1.1 OBJECTIVES
• To study the agricultural climate in relation to crop planning and assessment of crop 
production potentials in different agroclimatic regions.
•  To establish crop-weather relationships for all the major rainfed and irrigated crops in 
different agroclimatic regions.
•  To evaluate the different techniques of modification of crop micro-climate for improving 
the water use efficiency and productivity of the crops.
•  To study the influence of weather on the incidence and spread of pests and diseases of 
field crops
1.2 TECHNICAL PROGRAMME
 The Technical Program for the years 2009-10 for different centres of the Project and 
a common core program decided for all the centres are as given below with emphasis on 
location-specific research needs.
1) Agroclimatic Characterization (All centres)
• Development of database (Block, Tehsil or Mandal level) on climate and crop statistics
Agroclimatic Analysis
•  Rainfall probability analysis
•  Dry and wet spells 
•  Effective rainfall, water balance studies and harvestable rainwater for every week
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•  Characterization onset of monsoon for crop planning
•  Stable rainfall period analysis
•  Crop sustainability analysis
•  Climatic and agricultural drought analysis
•  Length of growing season and its variability
•  Preparation of crop-weather calendars 
•  Consolidation of agroclimatic analysis in the form of Technical Reports and Agroclimatic 
Atlases
•  Preparation of crop-wise manuals for weather-based decisions in crop management
Climatic Variability and Change
•  Analysis of rainfall and temperature trends
•  Variability in the onset and cessation of rainy season
•  Documentation of extreme events and their impacts on agriculture including on livestock, 
poultry and fish
•  Climatic variability and its influence on crop productivity
2) Crop-Weather Relationships (All Centres)
Centre Kharif Crop(s) Rabi Crop(s)
Akola Soybean Chickpea
Anand Groundnut Wheat
Anantapur Groundnut  Chickpea
Udaipur Maize Mustard, Wheat
Bangalore Pigeonpea, Groundnut Mango
Bijapur -- Sunflower, Sorghum
Bhubaneswar Rice Groundnut / Greengram
Dapoli Rice Mango, Cabbage
Faizabad Pigeonpea Chickpea




Kovilpatti -- Blackgram, Greengram, Maize
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Centre Kharif Crop(s) Rabi Crop(s)
Ludhiana Rice Mustard, Wheat
Mohanpur Rice Mustard, Potato
Palampur Rice, Tea Wheat / Mustard
Parbhani Cotton, Soybean Sorghum
Raipur Rice Wheat
Rakh Dhiansar Maize  Wheat 
Ranchi Rice Wheat
Ranichauri Barnyard millet Wheat, Vegetables
Samastipur Rice Wheat, Winter Maize
Solapur Pearlmillet Sorghum, Chickpea
Thrissur Coconut, Cocoa, Cardamom Cashew
3) Crop Growth Modelling
Compilation of phenology for every crop species
Crop Lead Centres Associated Centre
Wheat Ludhiana Palampur, Anand, Jabalpur, Rakh Dhiansar, 
Samastipur, Ranchi, Hisar, Kanpur, Ranichauri
Rice Raipur Mohanpur, Samastipur, Bhubaneswar, Dapoli, 
Faizabad, Trissur
Groundnut Anand Anantapur, Bangalore
Mustard Anand Udaipur, Mohanpur, Ludhiana, Hisar
Sorghum Bijapur Anand, Parbhani, Solapur, Kovilpatti
4) Weather Effects on Pests and Diseases
Centre Crop(s) Pests/diseases
Anand Mustard Aphids, Sawfly, PM, Rust













5) Agromet Advisory Services (All Centres)
• Monitoring of crop and weather situation, twice in a week and its updation in website
• Development of contingency plans for aberrant weather situation
• Monitoring of extreme weather events and their impacts on farming systems on near 
real-time basis
• Value-addition to agromet information
Centre Crop(s) Pests/diseases
Bhubaneswar Rice Blight, BPH











Sucking pests, Pink boll worm
Mohanpur Mustard
Potato






Parbhani Cotton Mealy bug, Pink boll warm





Solapur Sunflower Leaf eating caterpiller














Rakh Dhiansar Mustard Aphids
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 The year 2009 is identified as the second severe drought year that the country has faced 
in the last 10 years period. Brief description of the rainfall distribution during monsoon period 
and in the post monsoon is given below:
Onset of Southwest Monsoon (June – September):
 The Southwest monsoon set in over Andaman Sea on its normal date of 20th May and it 
set in over Kerala on 23rd May, a week earlier than the normal onset date (1st June). Subsequent 
to the onset of monsoon over Kerala, a severe cyclonic storm (Aila) formed over the Bay of 
Bengal with the result monsoon advanced over the northeastern states including West Bengal 
& Sikkim earlier than normal. After a break of about a week, the monsoon further advanced 
along the west coast on 7th June. After prolonged break, further advancement of monsoon 
occurred during 8th – 20th June, which may be mainly attributed to the weak cross equatorial 
flow and non formation of low pressure systems over the Bay of Bengal. 
 Severe heat wave conditions prevailed over many parts of North West, central and 
adjoining eastern parts during this period. With the formation of a depression over the Arabian 
sea during 23rd – 24th  June, southwest monsoon advanced as a weak current over  some more 
parts of peninsular India and parts of central India during 21st – 27th June. Subsequent monsoon 
advance was very rapid and by 30th June, most parts of the country, outside parts of west 
Rajasthan was covered by the monsoon current. Monsoon covered entire country on 3rd July, 
about 12 days earlier than its normal date of 15th July, when the interaction between monsoon 
flow and mid-latitude westerlies resulted in copious rainfall over Rajasthan.
Rainfall distribution during monsoon season:
 The southwest monsoon season (June to September) rainfall for the country as a whole 
and the four broad geographical regions are as follows. The season rainfall is classified as 
normal when the actual rainfall is within LPA ± CV. The CV for season rainfall over various 
regions is given in the table above. Similarly season rainfall is classified as deficient when 
the actual rainfall is less than (LPA – CV) and as excess when the actual rainfall is more than 
(LPA+CV). Accordingly the 2009 season rainfall over the country as a whole was deficient 
(77% of LPA), and was the lowest recorded rainfall in recent decade.










Variation (CV) % 
of LPA
All-India 689.9 892.5 77 10%
Northwest (NW) India 392.1 611.7 64 19%
Central India 795.4 995.1 80 14%
South peninsula 692.9 722.5 96 15%
Northeast (NE) India 1037.7 1427.3 73 8%
 Similarly season rainfalls over NW India (64% of LPA), Central India (80% of LPA), and 
NE India (73% of LPA) were also deficient and that over South Peninsula (96% of LPA) was 
normal. The sub-division wise season rainfall is shown in Table 1.1. The rainfall recorded 
over 23 out of 36 subdivisions was deficient. Out of the remaining 13 subdivisions, only 3 
subdivisions (Saurashtra & Kutch, North Interior Karnataka and South Interior Karnataka) 
recorded excess rainfall and remaining 10 subdivisions recorded normal rainfall. Out of 526 
meteorological districts for which data are available, 215 districts (41) % of the meteorological 
districts received excess/normal rainfall and the remaining 311 districts (59%) received 
deficient/scanty rainfall during the season. The monthly monsoon rainfall over the country 
as a whole during all the months was below the respective LPA. However, the rainfall during 
July (96% of LPA) was within the normal limit. Monsoon rainfall over the country as a whole 
was 53% of LPA during June, 73% of LPA in August and 79% of LPA during September.
 In June, large rainfall deficiency was observed over most parts of the country due to 
prolonged break in the monsoon advance over central and northern parts of the country. 
During July, rainfall over most of the subdivisions along the foothills of Himalayas and few in 
the eastern side of the Peninsula were highly deficient. The rainfall over most of the subdivisions 
along the monsoon trough zone region and along west coast was normal/excess due to the 
strengthening of monsoon over these regions in association with the passage of fast moving 
synoptic scale systems from Bay region along the monsoon trough zone. In August rainfall 
over most of the subdivisions along the west coast and that over NW India & neighboring 
central India were highly deficient. In September the rainfall over all subdivisions from south 
Peninsula & neighboring central India and that over few subdivisions from north was normal 
or excess. Rainfall over other subdivisions was deficient or scanty.
Withdrawal of Monsoon:
 Like last two years, this year also there was delay in the withdrawal of southwest 
monsoon due to continued rainfall activity over north India associated with the mid latitude 
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westerly activities. The withdrawal of SW Monsoon from west Rajasthan started only on 
25th September (a delay of more than 3 weeks). The normal date of withdrawal to start from 
extreme western parts of Rajasthan is 1st September. Subsequently, it withdrew from most 
parts of the northwestern states and from the northern parts of Gujarat on 28th September.
Post Monsoon (October – December) 2009
 Sub divisional wise Post Monsoon (October – December) season rainfall is noticed that 
rainfall was excess in 13 sub-divisions, viz. Sub-Himalayan West Bengal, Jharkhand, East Uttar 
Pradesh, West Uttar Pradesh, East Rajasthan, West Madhya Pradesh, East Madhya Pradesh, 
Konkan & Goa, Madhya Maharashtra, Marathwada, Vidarbha, Coastal Karnataka and North 
Interior Karnataka, normal in 10 sub-divisions, deficit in 9 sub-divisions and scanty/ no rain 
in 4 sub-divisions. 
 During the year, 9 out of 25 centers of the All India Coordinated Research Project on 
Agrometeorology, viz., Anand, Dapoli, Jorhat, Kovilpatti, Mohanpur, Parbhani, Ranichauri, 
Rakh Dhiansar and Samastipur received deficient rainfall and rest of the centers received 
normal rainfall (Table 1.2).  
Table 1.1.  IMD Sub-divisional rainfall during monsoon season (June – September) – 2009




1 Andaman & Nicobar Islands 1672 1755 -83 -5
2 Arunachal Pradesh 1324 1835 -511 -28
3 Assam & Meghalaya 1321 1885 -564 -30
4 Naga, Mani, Mizo, Tripura 823 1241 -418 -34
5 Sub-Hima. West Bengal 1530 1955 -425 -22
6 Gangetic West Bengal 974 1136 -162 -14
7 Orissa 1167 1165 2 0
8 Bihar Plateau (Jharkhand) 800 1093 -293 -27
9 Bihar Plains 736 1039 -303 -29
10 East Uttar Pradesh 563 914 -351 -38
11 Plains of West Uttar Pradesh 443 773 -330 -43
12 Uttaranchal 865 1223 -358 -29
13 Haryana, Chandig & Delhi 291 470 -179 -38
14 Punjab 324 502 -178 -35
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15 Himachal Pradesh 494 774 -280 -36
16 Jammu & Kashmir 338 514 -176 -34
17 West Rajasthan 155 263 -108 -41
18 East Rajasthan 437 624 -187 -30
19 West Madhya Pradesh 657 904 -247 -27
20 East Madhya Pradesh 738 1097 -359 -33
21
Gujarat (Daman Dadar & N. 
Haveli) 613 934 -321 -34
22 Saurashtra & Kutch 613 486 127 26
23 Konkan & Goa 2316 2802 -486 -17
24 Madhya Maharashtra 684 700 -16 -2
25 Marathwada 530 704 -174 -25
26 Vidarbha 662 976 -314 -32
27 Chhattisgarh 796 1206 -410 -34
28 Coastal Andhra Pradesh 430 575 -145 -25
29 Telangana 498 767 -269 -35
30 Rayalaseema 390 381 9 2
31 Tamil Nadu & Pondicherry 315 316 -1 0
32 Coastal Karnataka 3469 3174 295 9
33 North int. Karnataka 601 491 110 22
34 South int. Karnataka 855 659 196 30
35 Kerala 1959 2143 -184 -9
36 Lakshadweep 1026 985 41 4
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Table 1.2.  Annual Rainfall from AICRPAM centers 2009
S.No. Center Actual Normal % Departure
1 Akola 700 813 -14
2 Anand 389 853 -54
3 Anantapur 417 514 -19
4 Bangalore 812 925 -12
5 Bhubaneswar 1373 1498 -8
6 Bijapur 1196 594 101
7 Dapoli 2697 3529 -24
8 Faizabad 1031 1002 3
9 Hisar 459 451 2
10 Jabalpur 1539 1209 27
11 Jorhat 1283 2148 -40
12 Kanpur 809 879 -8
13 Kovilpatti 579 752 -23
14 Ludhiana 909 733 24
15 Mohanpur 1292 1665 -22
16 Palampur 1768 1498 18
17 Parbhani 673 963 -30
18 Ranchi 1249 1458 -14
19 Ranichauri 618 1232 -50
20 Raipur 1297 1150 13
21 Rakh Dhiansar 852 1114 -24
22 Samastipur 910 1235 -26
23 Solapur 790 723 9
24 Thrissur 2852 2822 1






Long-term rainfall trend in Vidarbha region
 Long-term (1871-2008) rainfall data of Vidarbha sub-division comprising of eight 
raingauge stations was analyzed for identifying long-term trends and short-term variabilities 
in the time series. Ten year moving averages of annual and southwest monsoon season’s 
rainfall over 140 years (Fig.2.1) showed cyclic pattern with short period increasing and 
decreasing trends upto 1960s and later both annual and seasonal rainfall values dipped below 
the long-term average.
Fig.2.1 Annual and monsoon rainfall variability of Vidarbha Sub-division
Spatial variability of rainfall
 Analysis of 40 years annual and seasonal rainfall (1971-2009) of three locations in 
Vidarbha region of Maharashtra representing its western region (Akola), central region 
(Yavatmal) and eastern region (Sindewahi) showed that both annual and monsoon season 
rainfall are highest in eastern region and lowest in western region (Table 2.1).  The annual 
rainfall decreases from 1285 mm in east to 1037 mm in the middle to 782 mm in the west. 
Similar pattern is observed in case of rainfall during southwest monsoon and it is lesser by 
462 mm in the west compared to east. Though annual and monsoon seasons’ rainfall were 
lowest in western region, the coefficient of variability, (CV) was nearly the same across all 
the regions. Among the seasons, rainfall during rainy season was least variable and rainfall 
during summer and winter seasons were highly variable in all the regions.
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Table 2.1. Seasonal rainfall variability in Vidarbha region
Season Akola Yavatmal Sindewahi
SW Monsoon
Mean (mm) 654.2 (84%) 886.9 (85%) 1115.6 (87%)
CV (%) 29 30 28
Post Monsoon
Mean (mm) 75.4 (9%) 87.0 (8%) 83.0 (6%)
CV (%) 83 63 80
Winter
Mean (mm) 28.6 (3%) 25.2 (3%) 31.1 (3%)
CV (%) 91 120 126
Summer
Mean (mm) 24.2 (4%) 38.5 (4%) 54.8 (4%)
CV (%) 111 75 107
Annual
Mean (mm) 782.4 1037.6 1284.6
 CV (%) 26 26 26
Decadal changes in rainfall
 Decadal averages of rainfall over the past four decades at Akola, Sindewahi and Yavatmal 
(Table 2.2) showed that decadal changes in rainfall are not similar across all the three locations. 
Akola and Sindewahi witnessed significant decline in decadal average annual rainfall from 
the dacade 1991-2000 onwards while Yavatmal showed cyclic pattern with increasing and 
decreasing trends in alternate decades. The decadal average rainfall of southwest monsoon 
showed cyclic pattern at Sindewahi and Yavatmal and declining trend at Akola. At Akola and 
Sindewahi, annual rainfall declined by 140 and 155 mm, respectively in the present decade 
(2001-09) compared to 1971-80.
Table 2.2.  Decadal averages of annual rainfall and seasonal rainfall at three  
locations of Vidarbha
Decades Annual rainfall (mm) Southwest monsoon rainfall (mm)
Akola Yavatmal Sindewahi Akola Yavatmal Sindewahi
1971-1980 817 1344 1032 684 1183 878
1981-1990 832 1322 1111 682 1088 946
1991-2000 780 1273 978 628 1136 838




 Contrary to the observations of increase in rainfall extremes in the recent decades across 
the country due to climate change, high rainfall events of 75-100 mm and more than 100 mm 
are showing decreasing trend over four successive decades’ at all three locations of Vidarbha 
(Fig. 2.2).
Fig 2.2.  Decadal rain events at some locations of Vidarbha (Akola, Sindewahi and Yavatmal)
Anantapur
Decadal rainfall pattern
 Decadal averages of annual rainfall over the past four decades (Fig.2.3) showed that 
the decadal averages of rainfall is not showing any increasing or decreasing trend over the 
past four decades. However, it is exhibiting cycling pattern with alternate decreasing and 
increasing trends in successive decades.
Fig.2.3. Decennial rainfall (mm) at ARS, Anantapur
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1979-88,  1989-98,  1999-08  compared with rainfall (mm) in 2009 at 




 Long-term (43 years) annual rainfall data of Anantapur was analyzed using the IMD 
criteria of classifying excess, normal, deficit and scanty years based on the extent of deviation 
of actual rainfall from normal rainfall. The classification presented (Fig.2.4) showed that 
out of 43 years, 10 years received excess rainfall (+ 20% deviation from normal rainfall), 23 
years received normal rainfall (± 19% deviation from normal), 7 years received deficit (- 20 to 
-59% deviation from normal) and 3 years received scanty rainfall (-60 to -99% deviation from 
normal) (Fig. 2.4).













 Rainfall data of 43 years was analyzed to assess the frequency of occurrence of 
meteorological droughts at Anantapur.  The analysis (Table 2.3) brought out that there was no 
drought occurrence in 22 years (52% of years) and drought of different intensities occurred in 
21 years, i.e., mild drought in 14 years (3.3% of years), moderate drought in 4 years (9%) and 
severe drought in 3 years (7%).
Table 2.3.  Meteorological drought at Anantapur
Type of Drought No. of years Percentage
No Drought 22 51
Mild Drought 14 33
Moderate 4 9




Effect of droughts of different intensities on groundnut
 Performance of groundnut was assessed under various intensities of drought (Table 2.4). 
It was observed that in years of no drought conditions, groundnut recorded average pod yield 
of 1696 kg ha-1 with mean rainfall of 622 mm during crop growing period (July to November). 
In mild drought years, with less than 17 percent mean seasonal rainfall during crop growing 
period, crop produced average pod yield of 1274 kg/ha, which amounts to 25 percent reduction 
in yield compared to no drought years. Similarly, 54 and 100 percent yield reduction was 
noticed in moderate and severe drought years, respectively.  The mild, moderate and severe 
drought years with 17, 35 and 68 percent lesser average rainfall, respectively, than the average 
rainfall of no drought years caused 25, 54 and 100 percent yield reductions.
Table 2.4. Reduction in groundnut yield (%) under various intensities of drought (26 years 
data) at Anantapur 
Drought Type Years
Rainfall during CGP* 
(July-Nov) 
Yield kg/ha  
(sown in July) 
% Yield 
reduction 
No Drought 11 622(43)** 1696 --
Mild Drought 5 362(-17) 1274 25.0
Moderate  Drought 9 282.2(-35) 777 54.0
Severe Drought 1 (1984) 138 (-68) F 100 
*CGP refers to crop growing period;      **Values in parentheses are percent deviations from long-term normal
Anand
 Thirty years (1980 to 2009) daily weather data of Anand station were analyzed using 
weathercock software developed by CRIDA, Hyderabad for making detailed agroclimatic 
resource characterization of the station.
Normals of weather parameters
 Based on long-term weather data, daily, weekly, monthly and seasonal normals of 
different weather parameters were worked out. Monthly normal weather parameters (Table 
2.5) showed that July is the wettest month with highest rainfall (319.3 mm) and maximum 
rainy days (13.1) followed by August (252.3 mm). Sunshine hours in these two months are 
significantly lower (< 4 hrs) compared to other months. August is observed to be most humid 
month with both morning and evening relative humidity remaining highest in the year. 
























January 28.0 11.3 80 36 3.1 1.3 0.1 9.3 117.6
February 30.6 12.4 77 30 3.2 0.9 0.0 9.8 136.9
March 35.3 16.8 67 23 3.6 0.1 0.0 9.8 210.1
April 38.4 21.2 68 24 4.1 0.8 0.1 10.3 246.0
May 39.3 25.2 75 34 6.2 10.4 0.4 10.6 281.0
June 36.9 26.9 80 50 7.7 108.4 4.8 7.8 241.9
July 32.5 25.8 89 70 6.6 319.3 13.1 3.9 150.1
August 31.4 25.0 92 73 5.3 252.3 11.6 3.7 131.6
September 33.2 24.5 90 60 4.2 114.8 4.6 7.1 155.8
October 35.4 20.8 82 38 2.6 22.3 1.0 9.2 164.4
November 32.8 15.9 77 32 2.5 11.0 0.3 9.3 133.6
December 29.5 12.7 80 35 2.6 1.5 0.2 9.0 112.9
Annual 33.6 19.9 79.8 42.1 4.3 843.1 36.2 8.3 2081.9
Trends of rainfall and its extremes
 Both annual rainfall and rainy days are not showing any significant increasing or 
decreasing trend over the years.  Days with extreme rainfall of 75-100 and more than 100 mm 
have also not shown any significant increase over the years.
Probability of wet spells
 Probability of getting two consecutive wet weeks with more than 10 mm weekly rainfall 
(Table 2.6) showed that two consecutive wet weeks of 10 mm rainfall occur with 50 percent 
or more probability during 27 to 34 standard meteorological weeks only. Similarly, two 
consecutive weeks with 20 and 40 mm rainfall occur during 30-31 and 31 weeks, respectively. 




Table 2.6.  Probability of getting two consecutive wet weeks (weekly rainfall of 10, 20, 30 
and 40 mm) at Anand
Week
Consecutive wet probabilities
10 mm 20 mm 30 mm 40 mm
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00
13 0.00 0.00 0.00 0.00
14 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00
21 0.00 0.00 0.00 0.00
22 0.03 0.03 0.00 0.00
23 0.03 0.03 0.03 0.00
24 0.17 0.10 0.00 0.00
25 0.33 0.27 0.03 0.20
26 0.47 0.40 0.23 0.30
27 0.50 0.37 0.30 0.23
28 0.57 0.47 0.27 0.20
29 0.57 0.47 0.33 0.30
30 0.70 0.63 0.37 0.47
31 0.67 0.53 0.53 0.40




 Annual climatic water balance of Anand was computed for the period 1980 to 2009 
using weekly weather data of these years (Table 2.7).  The results showed that annual rainfall 
varieties from 288 to 1694 and PET varied from 1407 to 1652 mm over the years. Average 
annual rainfall, PET, actual Evapotranspiration (AET), water deficit (WD) and water surplus 
(WS) are 857, 1518, 487, 1031 and 370 mm, respectively.  The moisture adequacy index (MAI), 
which is the ratio of actual and potential evapotranspirations varied between 20 and 45 across 
the years and its average over years is 32.3 percent.
Week
Consecutive wet probabilities
10 mm 20 mm 30 mm 40 mm
33 0.53 0.33 0.33 0.20
34 0.53 0.27 0.23 0.20
35 0.40 0.27 0.20 0.13
36 0.23 0.13 0.17 0.10
37 0.23 0.17 0.13 0.13
38 0.20 0.13 0.13 0.10
39 0.03 0.00 0.13 0.00
40 0.03 0.03 0.00 0.00
41 0.00 0.00 0.00 0.00
42 0.03 0.00 0.00 0.00
43 0.00 0.00 0.00 0.00
44 0.00 0.00 0.00 0.00
45 0.00 0.00 0.00 0.00
46 0.00 0.00 0.00 0.00
47 0.00 0.00 0.00 0.00
48 0.00 0.00 0.00 0.00
49 0.00 0.00 0.00 0.00
50 0.00 0.00 0.00 0.00
51 0.00 0.00 0.00 0.00
52 0.00 0.00 0.00 0.00
AICRP on Agrometeorology
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1980 778 1556 549 1007 255 35 -50
1981 1028 1621 520 1101 476 32 -37
1982 877 1600 537 1063 308 34 -45
1983 1121 1477 628 849 541 43 -24
1984 728 1562 497 1065 240 32 -53
1985 576 1630 450 1180 104 28 -65
1986 288 1640 326 1314 0 20 -82
1987 435 1652 427 1225 0 26 -74
1988 1001 1522 515 1007 467 34 -34
1989 706 1516 508 1008 215 34 -53
1990 1231 1496 573 923 639 38 -18
1991 644 1516 413 1103 250 27 -58
1992 674 1527 449 1078 221 29 -56
1993 776 1526 509 1017 254 33 -49
1994 1238 1407 493 914 755 35 -12
1995 559 1532 401 1131 163 26 -64
1996 899 1484 505 979 383 34 -39
1997 1361 1426 641 785 722 45 -5
1998 1110 1456 654 802 427 45 -24
1999 426 1469 420 1049 51 29 -71
2000 432 1526 432 1094 0 28 -72
2001 709 1459 441 1018 262 30 -51
2002 479 1524 329 1195 148 22 -69
2003 1135 1458 560 898 562 38 -22
2004 866 1435 395 1040 487 28 -40
2005 1694 1473 528 945 1150 36 15
2006 1433 1464 495 969 950 34 -2
2007 1143 1519 553 966 580 36 -25
2008 963 1464 484 980 483 33 -34
2009 389 1597 380 1217 20 24 -76




 Based on annual rainfall deficit from normal, following the criteria adopted by India 
Meteorological Department (IMD), years were classified as mild, moderate and severe 
drought when rainfall deficit was upto 25, 26-50 and > 50 percent, respectively. Years were 
classified as no drought years when rainfall was more than normal.  Year-wise categorization 
of meteorological droughts (Fig. 2.5) showed that Anand experienced mild droughts in 20 per 
cent, moderate droughts in 23 percent and severe droughts in 7 percent of years.  It is also seen 






























































































































































Fig. 2.5.  Year-wise categorization of meteorological droughts at Anand
Bangalore
 Long-term (1976 to 2009) monthly maximum and minimum temperatures at Bangalore 
were analyzed to study the climate changes that are taking place at this station.  Long-term trends 
in monthly maximum and minimum temperatures (Table 2.8) showed that though maximum 
temperature showed decreasing trend in all the months except in January. However, the 
decreasing trend is significant in pre-monsoon (April and May) and post-monsoon (October) 
periods only. Contrary to the trend of maximum temperature, minimum temperature in most 
of the calendar months showed increasing trend. However, the increasing trend in minimum 
temperature is significant in months of southwest monsoon (June-September) only. The 
increase in minimum temperatures is 0.02 to 0.027°C/year in all these four months.  
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Table 2.8. Trends in monthly maximum and minimum temperatures at Bangalore
Month
Maximum temperature Minimum temperature
Trend (°C/year) Significance Trend (°C/year) Significance
January 0.018 Non-significant 0.024 Non-significant
February -0.001 Non-significant 0.003 Non-significant
March -0.021 Non-significant -0.018 Non-significant
April -0.033 Significant -0.014 Non-significant
May -0.046 Significant -0.003 Non-significant
June -0.018 Non-significant 0.02 Significant
July -0.018 Non-significant 0.025 Significant
August -0.021 Non-significant 0.027 Highly significant
September -0.015 Non-significant 0.02 Significant
October -0.033 Significant 0.008 Non-significant
November -0.02 Non-significant 0.003 Non-significant
December -0.013 Non-significant -0.003 Non-significant
Bijapur
 Taluk-wise rainfall of six districts of North Karnataka, viz., Bijapur, Bagalkot, Dharwad, 
Gadag, Haveri and Koppal was analyzed to know the start, end and duration of rainy season 
in these districts. Beginning of rainy season (mean over years) is either in 23rd or 24th standard 
meteorological weeks in all these six districts (Table 2.9). Though the earliest start of rainy 
season is in 22nd week in all the districts, delayed onset varies from 27th week in Haveri to 33rd 
week in Bijapur.  








Mean 24 24 23 23 23 24
Earliest 22 22 22 22 22 22
Late 33 30 28 30 27 31




Mean 44 44 44 44 45 44
Earliest 36 39 39 39 39 39
Late 52 52 51 52 51 52






Mean 20 20 21 21 22 20
Minimum 9 10 14 11 15 10
Maximum 29 29 28 29 28 28
Standard deviation 4.0 3.8 3.2 3.8 3.2 4.2
 It is further noticed from the above table that start of the season never goes beyond 28th 
week in Dharwad and Haveri, situated in transition zone while start of season can be delayed 
beyond 30th week in dry districts of Bagalkot, Bijapur, Gadag and Koppal. End of the season 
(averaged over years) is in 44th week in all the districts, except Haveri, where it is one week 
later (45th week). Earliest end of the season is 39th week in all districts except at Bijapur, where 
it is in 36th week. Mean duration of rainy season is longer in Haveri (22 weeks) and shorter by 
two weeks in Bijapur, Bagalkot and Koppal. The minimum duration is as short as 9 weeks in 
Bijapur to as long as 15 weeks in Haveri district. The maximum duration is not varying much 
and it is either 28 or 29 SMWs across all the districts. The standard deviation of start, end and 
duration of rainy season was more in drier districts of Bangalkot, Bijapur, Gadag and Koppal 
situated in northern dry zone of Karnataka while in districts Dharwad and Haveri situated in 
the transition zone, the standard deviation is less.
Dapoli
 To study agroclimatic characterization of Konkan region, long term weather data of 
Dapoli and Vengurla stations was analyzed.  Results in respect of frequencies of meteorological 
droughts, trends in days with extreme temperature and rainfall events, seasonal rainfall and 
rainy days pattern and their trends, length of growing season and probability of receiving 
different amounts of rainfall at Dapoli and Vengurla are summarized as under.
Meteorological droughts
 Frequency of occurrence of meteorological droughts of different intensities at Dapoli and 
Vengurla (Table 2.10) showed that percentage of occurrence of droughts is more (47%) at 
Dapoli than at Vengurla (35%). At both the places, more mild droughts occurred over the 
years.
Table 2.10. Meteorological droughts of different intensities at Dapoli and Vengurla
Drought condition
Dapoli Vengurla
No. of years Percentage No. of years Percentage
No drought 20 53 20 61
Mild drought 13 34 9 27
Moderate drought 5 13 1 3
Severe drought 0 0 1 3
Total 38 100     38 100
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Trends of extreme temperature events
Maximum temperature extremes
 To find out the trend of extreme day temperature (Maximum) events, days with 
maximum temperature greater than or equal to 35, 36, 37, 38, 39, 40, 41 and 42°C in each year 
were regressed with year numbers, i.e., 1983-2009 at Dapoli and 1976-2008 at Vengurla. The 
analysis brought out that at Dapoli, number of days with maximum temperature more than 
35°C only increased significantly with a rate of increase of 4 days per decade and number 
of days with rest of the categories of maximum temperature has not shown any significant 
increase or decrease. At Vengurla, number of days with maximum temperature more than 
36°C only showed significant declining trend over years.
Minimum temperature extremes
 Number of days with night temperature (minimum) less than or equal to 10, 7 and 5°C 
were analyzed to find out their trends over the years 1983 to 2009 at Dapoli.  Similarly, trends 
of days with minimum temperature less than or equal to 12, 13, 14, 15 and 16°C were analyzed 
over the years 1976 to 2008 at Vengurla. At Dapoli, days with minimum temperature less 
than 5°C are showing significant declining trend but not the days with 7 and 10°C minimum 
temperature. At Vengurla, days with minimum temperature less than 15°C are only showing 
significant declining trend but not the other categories.
Rainfall extremes
  Trends in days with rainfall 25-50, 50-75, 75-100 and more than 100 mm were worked out 
for Dapoli and Vengurla. Both the centers have not shown any significant trend in days with 
these four categories of rainfall.
Seasonal rainfall and rainy days
 Rainfall and rainy days in four main seasons at Dapoli and Vengurla was analyzed to 
work out rainfall statistics at these two centres (Table 2.11). Though rainfall and rainy days 
during southwest monsoon season as higher at Dapoli than at Vengurla, they are lesser in all 
other seasons at Dapoli than Vengurla.
Trends in seasonal rainfall and rainy days
 Trends in rainfall during four seasons, viz., southwest monsoon (June-September), 
northeast monsoon (October-December), winter (January-February) and summer (March-
May) at Dapoli and Vengurla were worked out. The trend analysis showed nearer to 
significant (P=0.10) increasing trend in summer rainfall at Dapoli and no significant trend 



















Season-1:  South-West Monsoon (Jun-Sept)
Rainfall 2126.7 4922.9 3378.5 21.4 1004.0 3799.7 2619.5 23.0
Rainy Days 66.0 108.0 89.0 11.3 66 99 82.0 10.0
Season-2:  North-East Monsoon (Oct-Dec)
Rainfall 3.8 501.2 125.8 79.0 3.8 388.0 144.3 76.0
Rainy Days 0.0 17.0 6.0 65.0 1 19 7.0 47.6
Season-3:  Winter-rainfall (Jan-Feb)
Rainfall 0.0 3.4 0.3 266.6 0.0 51.4  2.3 410.5
Rainy Days 0.0 1.0 0.1 424.1 0.0 5 0.2 407.6
Season-4: Hot Weather rainfall (Mar-May)
Rainfall 0.0 214.5 34.5 170.4 0.0 1206.0 117.0 197.4
Rainy Days 0.0 12.0 2.0 166.5 0.0 30 4.0 159.5
Length of growing period
 Start, end and length of the growing period worked out over the years 1985-2009 for 
Dapoli showed that the beginning of the season can be as early as 20th SMW to as delayed as 
24th SMW at Dapoli. End of the season varies from 42nd to 2nd SMW of the next year. Over the 
years, the length of the season varies from 20th to 31st weeks.
Initial and conditional probability of rainfall
 Probability of receiving weekly rainfall of 25, 50, 75 and 100 mm in all 52 weeks of 
the year at Dapoli (Table 2.12) showed that weekly rainfall of 25, 50, 85 and 100 mm at 50 
percent probability can be received during the periods 23-38, 23-36, 24-36 and 24-35 standard 
meteorological weeks, respectively. At the same centre, the duration of wet week followed 
by wet week at 50 percent probability for 25, 50, 75 and 100 mm are during the period 21-
39, 21-38, 23-36 and 23-36 weeks, respectively. Similarly, the probability of periods receiving 
different amounts, viz., 25, 50, 75 and 100 mm of rainfall followed by same amount in the next 
week at Vengurle (Table 2.13) showed that weekly rainfall of these amounts at 50 per cent 
probability  are expected during 18-37, 18-36, 21-36 and 22-33 SMWs, respectively.
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Table 2.12.  Initial and conditional probabilities of rainfall at Dapoli
Week
25 mm 50 mm 75 mm 100 mm
P(W) P(W/W) P(W) P(W/W) P(W) P(W/W) P(W) P(W/W)
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0
19 0.05 0 0 0 0 0 0 0
20 0.78 0 0.05 0 0.03 0 0.03 0
21 0.07 0.67 0.03 0 0 0 0 0
22 0.27 0.67 0.18 0.50 0.16 0 0.16 0
23 0.66 1.00 0.50 1.00 0.37 0.50 0.37 0.50
24 0.80 0.88 0.68 0.71 0.66 0.79 0.58 0.79
25 0.88 0.81 0.61 0.68 0.55 0.64 0.47 0.55
26 0.92 0.93 0.84 0.65 0.76 0.76 0.74 0.78
27 0.89 0.89 0.79 0.83 0.71 0.72 0.66 0.71
28 0.97 0.97 0.79 0.78 0.74 0.85 0.71 0.88
29 1.00 1.00 0.89 0.87 0.68 0.79 0.61 0.67
30 0.97 0.97 0.84 0.93 0.79 0.88 0.68 0.83
31 0.84 0.86 0.82 0.85 0.71 0.80 0.63 0.73
32 0.94 1.00 0.82 0.91 0.73 0.89 0.66 0.79
33 0.97 1.00 0.74 0.90 0.66 0.75 0.55 0.68
34 0.84 0.86 0.71 0.84 0.66 0.76 0.61 0.71
35 0.82 0.90 0.71 0.79 0.68 0.84 0.63 0.78




25 mm 50 mm 75 mm 100 mm
P(W) P(W/W) P(W) P(W/W) P(W) P(W/W) P(W) P(W/W)
37 0.63 0.78 0.45 0.81 0.34 0.43 0.18 0.29
38 0.63 0.75 0.47 0.60 0.26 0.38 0.24 0.57
39 0.39 0.54 0.52 0.71 0.16 0.30 0.13 0.33
40 0.47 0.40 0.39 0.44 0.21 0.17 0.16 0
41 0.39 0.39 0.18 0.33 0.79 0.13 0.03 0
42 0.13 0.27 0.08 0.13 0.79 0.33 0.03 0
43 0.11 0.20 0.03 0.29 0 0 0 0
44 0.13 0.25 0.00 0.25 0 0 0 0
45 0.80 0.0 0.79 0 0 0 0 0
46 0.13 0 0.03 0 0.52 0 0.53 0
47 0.05 0.20 0 0 0 0 0 0
48 0.08 0.50 0 0 0 0 0 0
49 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0
51 0 0 0 0 0 0 0 0
52 0.03 0 0.03 0 0.26 0 0 0
Table 2.13.  Initial and conditional probabilities of rainfall at Vengurla
Week
25 mm 50 mm 75 mm 100 mm
P(W) P(W/W) P(W) P(W/W) P(W) P(W/W) P(W) P(W/W)
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0
13 0.03 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0
16 0.03 0 0.03 0 0.03 0 0 0




25 mm 50 mm 75 mm 100 mm
P(W) P(W/W) P(W) P(W/W) P(W) P(W/W) P(W) P(W/W)
18 0.03 1.00 0.03 1.00 0.32 0 0.03 0
19 0.10 1.00 0.06 1.00 0.32 1.00 0.03 1.00
20 0.16 0.67 0.10 0.50 0.32 0 0.03 0
21 0.23 0.60 0.19 0.67 0.16 1.00 0.13 0
22 0.55 0.86 0.32 0.67 0.23 0.60 0.19 0.50
23 0.68 0.76 0.65 0.80 0.55 0.86 0.55 0.83
24 1.00 1.00 0.94 0.95 0.90 0.94 0.90 0.94
25 0.94 0.97 0.74 0.76 0.71 0.71 0.71 0.71
26 0.94 0.97 0.90 0.87 0.81 0.77 0.77 0.73
27 1.00 1.00 0.84 0.86 0.77 0.80 0.71 0.71
28 0.97 0.97 0.84 0.85 0.74 0.79 0.61 0.73
29 0.91 1.00 0.84 0.88 0.77 0.82 0.68 0.89
30 1.00 0.93 0.90 0.88 0.90 0.92 0.87 0.86
31 0.97 0.79 0.90 0.96 0.81 0.86 0.65 0.70
32 1.00 0.88 0.97 0.96 0.81 0.88 0.65 0.80
33 0.94 0.67 0.74 0.73 0.58 0.60 0.48 0.50
34 0.77 0.70 0.74 0.83 0.45 0.56 0.29 0.27
35 0.77 0.37 0.48 0.57 0.45 0.57 0.42 0.78
36 0.65 0.70 0.48 0.60 0.35 0.50 0.19 0.15
37 0.61 0.50 0.39 0.47 0.29 0.36 0.19 0.17
38 0.32 0.18 0.19 0.25 0.16 0.33 0.13 0.33
39 0.45 0.67 0.23 0.67 0.23 0.60 0.16 0.75
40 0.35 0.22 0.19 0.29 0.16 0.14 0.13 0
41 0.29 0 0.23 0.17 0.7 0.20 0.32 0.25
42 0.29 0 0.13 0.14 0 0 0 00
43 0.19 0.13 0.06 0.25 0 0 0 0
44 0.10 0 0.06 0 0 0 0 0
45 0.26 0 0.06 0 0.03 0 0 0
46 0.13 0 0.03 0 0 0 0 0
48 0 0 0 0 0 0 0 0
49 0.03 0 0.03 0 0.03 0 0 0
50 0 0 0 0 0 0 0 0
51 0 0 0 0 0 0 0 0




Rainfall characteristics of eastern Uttar Pradesh
 Analysis of last 25 years zone-wise rainfall data of eastern Uttar Pradesh (Table 2.14) 
reveals that mean annual rainfall is highest (1207 mm) in North Eastern Plain Zone (NEPZ) 
and lowest (1024 mm) in Vindhya Zone (VZ). Number of rainy days is also highest (57) in 
NEPZ and lowest (52) in Vindhyan Zone. However, length of monsoon season is shortest in 
Eastern Plain Zone (EPZ) (95 days) and longest in NEPZ (108). In Vindhyan region, frequency 
of occurrence of terminal drought is highest (80%) compared to that in Eastern Plain Zone 
(72%) and North Eastern Plain Zone (70%).
Table 2.14. Rainfall characteristics of agro-climatic zones of eastern Uttar Pradesh
Parameter NEPZ EPZ VZ
Average annual rainfall (mm) 1207.0 1031.8 1024
Number of rainy days 57(40) 53(39) 52(44)
Length of monsoon season 108 95 97
Intensity of rainfall(mm/day) 21.17 19.45 19.69
Frequency of drought (%)
Early season drought -- -- --
Mid season drought -- -- --
Terminal drought 70% 72% 80%
Figures in parentheses are number of rainy days during monsoon period
Variability of annual rainfall in eastern Uttar Pradesh
 To work out trend and decadal variability in annual rainfall, forty years (1970-2009) of 
rainfall data was analyzed.  Declining trend (Fig.2.6) though not statistically significant was 
noticed over the last forty years. Lack of significance could be caused due to high variability 
in inter-annual and inter-decadal rainfall. Decadal average of rainfall in 1970-79, 1980-89, 
1990-99 and 2000-09 are 991, 1021, 915 and 896 mm, respectively and it showed declining 
trend from 1990 onward. The average rainfall (905 mm) in current two decades (1990-2009) is 
significantly lower than the average rainfall (1045 mm) during the previous two decades, i.e., 
1970-1989.




Weather maps of Haryana
 Thematic maps have been generated on the basis of normal values for all the weather 
parameters using interpolated techniques under GIS environment for the entire state. The 
interpolated surface (generated in raster format) helps in generating ‘Isolines’ for all weather 
parameters.
 From the long-term weather data, district-wise normal values of various climatic 
parameters in the state were worked out (Table 2.15). 
 District normals show a wide range of variations across different districts of the state. 
Districts of western agroclimatic zone, viz., Mahendragarh, Hisar, Sirsa, Bhiwani and Rewari 
recorded higher maximum temperature values while districts in the eastern zone, viz., Ambala, 
Panchkula, Yamunanagar, Panipat showed lower values. It is observed from isotherms of 
annual maximum temperature (Fig.2.7) that most of the south and central parts of the state 
experience normal maximum temperatures more than 30°C while in the desert area, it crosses 
32°C.  The normal minimum temperature of the state ranged between 16 and 18°C, except 
some areas when it is above or below these limits (Fig.2.7).
 Normal annual relative humidity (RH) in the evening showed significant spatial variation 
across the state (Fig.2.8). The evening RH was always below 65 percent and decreased upto 
40 percent in the western parts of the state.  The western districts, viz., Hisar, Fatehabad, Sirsa 
and Bhiwani have lower RH (< 45%) while the central and southern districts has 45-50 percent 
RH. The northern part of the state has higher RH value of above 60 percent.























































































































































































































































































































































































































































































































































































































































Fig.2.8. Normal annual relative humidity in the evening across Haryana
Jabalpur
 Long-term (36 years) monthly temperature data of Pachmarhi (hill station) in Hoshangabad 
district of Madhya Pradesh was analyzed to understand the climate changes taking place at this 
place.  It is observed from the trend analysis of monthly maximum and minimum temperature 
over the years (Table. 2.16) that maximum temperature during the months January to June 
showed negative trend while it showed positive trend during July to December. Except in 
April, the maximum temperature in no other month showed any significant increasing or 
decreasing trend. Minimum temperature, however, showed significant decreasing trend in 
all months except in October, November and December. Significant drop in both maximum 
(-0.079°C/year) and minimum (-0.153°C/year) temperature is seen in the month of April.




Trend R2 Trend R2
January -0.003 0.0 NS -0.098 0.22**
February -0.011 0.0NS -0.101 0.25**
March -0.054 0.06 NS -0.094 0.26**
April -0.079 0.11* -0.153 0.33**
May -0.008 0.0NS -0.090 0.16**
June -0.010 0.0NS -0.063 0.12*
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Fig. 2.9.  Yearly maximum and minimum temperature trend at Pachmarhi
Decadal variation in temperature
 Climatic variability has significant impact on crop production. To study the temperature 
variability in Madhya Pradesh, four different stations, viz., Jabalpur, Indore, Gwalior and 
Chhindwara each located in east, south, central and north regions of Madhya Pradesh were 
selected for this study. The decadal mean of seasonal (summer and winter) maximum and 
minimum temperature of the above stations (Fig.2.10) showed that both maximum and 
minimum temperature in summer and winter showed cyclic pattern with alternate increasing 
and decreasing trends in alternate decades at most of these centre and no significant trend. 
 The annual minimum temperature showed significant decreasing trend (Fig.2.9) while 
maximum temperature showed no significant increasing or decreasing trend due to alternate 
increasing and decreasing tendencies in maximum temperature over the period 1967-2002.
July 0.039 0.03NS -0.058 0.12*
August 0.054 0.05NS -0.055 0.15**
September 0.027 0.01NS -0.075 0.24**
October 0.0126 0.0NS -0.014 0.01NS
November 0.012 0.02NS -0.029 0.01NS






















































Fig.2.10. Decadal temperature variability at Jabalpur, Indore, Gwalior and Chindwara
Kanpur
 Analysis of long-term (36 years) data on maximum and minimum temperature, rainfall 
and rainy days of Kanpur was done to find out trends in annual and seasonal weather 








Monthly and annual rainfall characters
 Monthly and annual rainfall statistics at Kanpur revealed that the centre receives mean 
annual rainfall of 878 mm in 43 rainy days. Monthly rainfall is highest (262 mm) with lowest 
CV (62.9%) in July and lowest (4.6 mm) in April. The coefficient of variability is less than 100 
percent in southwest monsoon months and in rest of the months, rainfall was erratic with CV 
ranging from 109 to 263 percent.  August, the second highest rainfall receiving month is more 
dependable with least CV in rainfall and highest number of rainy days. In July, rainfall was as 
highest as 806 mm and as lowest as 25.6 mm over the years. Highest single day rainfall never 
exceeded 210 mm in any of the months over last 36 years.
Onset, withdrawal and duration of rainy season
 The dates of onset, withdrawal and duration of rainy season (southwest monsoon) for 
last 30 years (1981-2009) were analyzed to find out the average dates of onset and withdrawal 
as well duration of the season at Kanpur (Table 2.17).
Table 2.17.   Descriptive statistics of onset, withdrawal and duration of southwest monsoon 
at Kanpur
Onset date Withdrawal date Duration (days)
Average 18 June 19 Sept 93
Standard deviation (days) 8.7 8.4 8.1
Coefficient of variables (%) 5.1 3.2 8.8
Range 5 June to 9 July 5 Sept to 13 Oct 68 to 105
 It was observed from the analysis that the average dates of onset and withdrawal are 18 
June and 19 Sept, respectively with average duration of rainy season of 93 days.  The onset is 
as early as 5 June and as delayed as 9 July.  The earliest date of withdrawal is 5 Sept and most 
delayed withdrawal date is 13 Oct.  Accordingly, the duration of season also varies from 68 to 
105 days across the year.
Trends in annual temperature and rainfall
 Annual average maximum and minimum temperature and yearly total rainfall and rainy 
days over the years 1974-2009 at Kanpur were analyzed to find long-term trends in these 
weather parameters.  The rainfall and rainy days though showed decreasing trends over the 
years, they are not statistically significant.  Annual maximum and minimum temperature, 
however, are showing significant increasing and decreasing trends, respectively (Fig.2.11). 
These increasing trends in maximum temperature and decreasing trend in minimum 
temperature are contrary to the observations due to climate change elsewhere.
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Fig. 2.11. Annual maximum and minimum temperature trend at Kanpur
Seasonal rainfall trends
 Trends of rainfall during pre-monsoon (April-May), monsoon (June-September), post-
monsoon (October-November) and winter (December-March) seasons over the years 1974-
2009 showed significant increasing trend in pre-monsoon rainfall only (Table 2.18).
Table 2.18.  Trends of seasonal rainfall at Kanpur
Season Trend of rainfall/year R2 Significant
Pre-monsoon 0.64 0.12 Significant
Monsoon -3.8 0.02 Non Significant
Post-monsoon -0.68 0.01 Non Significant
Winter 0.11 0.01 Non Significant
Ludhiana
Climatic conditions and rice yield
 In order to find out optimum climatic conditions for optimum rice yield, monthly mean 
maximum and minimum temperature and monthly sum of rainfall in all the four months of 
rice growing period (June to September) at three locations of Punjab, viz., Amritsar, Ludhiana 
and Patiala were worked out.  Monthly and seasonal averages of maximum and minimum 
temperature as well as sums of rainfall at thee locations were also worked out.  Perusal of the 
average rice yield over the last 10 years in relation to monthly and seasonal climatic conditions 
at Amritsar, Ludhiana and Patiala (Table 2.19) showed that Ludhiana recorded highest yield 
due to optimum climatic conditions, i.e., optimum maximum (34.8°C) and minimum (25°C) 
temperature and rainfall (589 mm). The other two centres, experienced slightly higher or lower 
maximum, minimum and rainfall during all the four months as well as the growing season 
thereby resulting in lower yield compared to Ludhiana.
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Table 2.19. Normal monthly meteorological parameters at different locations in Punjab
Month Amritsar Ludhiana Patiala
Maximum temperature (oC)
June 38.9 38.1 37.9
July 35.1 34.2 34.1
August 34.2 33.3 33.0
September 34.3 33.5 33.1
Average 35.6 34.8 34.5
Minimum temperature (oC)
June 24.6 25.7 26.0
July 25.4 26.0 26.3
August 25.1 25.5 25.7
September 22.3 22.7 23.5
Average 24.4 25.0 25.4
Rainfall (mm)
June 81.0 72.2 84.2
July 206.8 220.4 224.5
August 180.4 190.8 223.1
September 65.2 105.8 96.1
Yield 2961 3870 3411
 It is further observed from the analysis that seasonal average maximum temperature of 
34.8°C, minimum temperature of 25°C and seasonal total rainfall of 589 mm aare found to be 
optimum weather parameters for recording higher rice yield under Punjab conditions.
Weather conditions and rice yield
 In locations Amritsar, Ludhiana and Patiala, maximum and minimum temperature and 
rainfall during the months of July, Aug and Sept were arranged in four categories, viz., ≤ 34°C, 
34.1-35°C, 35.1-36°C and ≥ 36.1°C, for maximum temperature; ≤ 24, 24.1-26°C, 26.1-28°C, and ≥ 
28.1 for minimum temperature and < 75, 75-150, 151-300 and > 300 mm for rainfall.  The crop 
yields of years falling in each category in each month were averaged.  Perusal of average yield 
under each category of climatic conditions at Amritsar (Table 2.20), Ludhiana (Table 2.21) and 
Patiala (Table 2.22) brought out that at Amritsar, the maximum temperature of 34.1 to 35°C, 
or more and minimum temperature of 23.1 to 25°C, and rainfall around 200-300 mm during 
August coinciding with reproductive stage are optimum thermal and moisture conditions for 
achieving higher yield. At Ludhiana, the maximum temperature of 33.1 to 34°C in August, 
minimum temperature of 23.1 to 24.0°C during September and rainfall of 200-300 mm in 
August are found to be conducive for higher yields.
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Table 2.20.  Range of monthly meteorological parameters and rice yield during the past 
decade at Amritsar 













≤ 34.0 3025 (2)* ≤ 24.0 2885 (2) < 75 3108 (1)
34.1 – 35.0 2909 (4) 24.1 – 26.0 3001 (4) 75 – 150 2993 (3)
35.1 – 36.0 3027 (3) 26.1 – 28.0 2955 (4) 151 – 300 2901 (5)
≥ 36.1 2826 (1) ≥ 28.1 - > 300 3003 (1)
August
≤ 33.0 2988 (3) ≤ 23.0 3095 (1) < 100 2912 (4)
33.1 – 34.0 2885 (2) 23.1 – 25.0 2949 (5) 100– 200 2936 (2)
34.1 – 35.0 2964 (4) 25.1 – 26.0 2938 (4) 201 – 300 3002 (2)
≥ 35.1 3003 (1) ≥ 26.1 - > 300 3033 (2)
September
≤ 33.0 2826 (1) ≤ 22.0 2913 (4) < 25 3101 (2)
33.1 – 34.0 2870 (3) 22.1 – 23.0 2989 (4) 25 – 75 2938 (7)
34.1 – 35.0 3010 (5) 23.1 – 24.0 2992 (2) 75 – 125 -
≥ 35.1 3108 (1) ≥ 24.1 - > 125 2826 (1)
Figure in parentheses indicates number of years in past decade
Table 2.21.   Range of monthly meteorological parameters and rice yield during the past 
decade at Ludhiana













≤ 34.0 3701 (7) ≤ 24.0 - < 75 4186 (3)
34.1 – 35.0 3841 (1) 24.1 – 26.0 3417 (2) 75 – 150 3894 (2)
35.1 – 36.0 4633 (1) 26.1 – 28.0 3935 (7) 151 – 300 3786 (2)
≥ 36.1 4322 (1) ≥ 28.1 4322 (1) > 300 3594 (3)
August
≤ 33.0 3827 (4) ≤ 23.0 - < 100 3735 (3)
33.1 – 34.0 3950 (3) 23.1 – 25.0 - 100– 200 3947 (1)
34.1 – 35.0 3847 (3) 25.1 – 26.0 3927 (5) 201 – 300 4119 (4)
≥ 35.1 - ≥ 26.1 3813 (5) > 300 3536 (2)
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≤ 33.0 3733 (3) ≤ 22.0 - < 25 4633 (1)
33.1 – 34.0 3840 (3) 22.1 – 23.0 3849 (4) 25 – 75 4027 (3)
34.1 – 35.0 3995 (4) 23.1 – 24.0 4118 (2) 75 – 125 3611 (1)
≥ 35.1 - ≥ 24.1 3767 (4) > 125 3675 (5)
Figure in parentheses indicates number of years in past decade
 Similarly at Patiala (Table 2.22), the maximum temperature of 33.1 to 34°C, minimum 
temperature of 23.1 to 25°C and rainfall of 200-300 mm during August are found to be optimum 
for higher rice yields.
Table 2.22.  Range of monthly meteorological parameters and rice yield during the past 
decade at Patiala













≤ 34.0 3383 (5) ≤ 24.0 - < 75 3653 (2)
34.1 – 35.0 3296 (3) 24.1 – 26.0 - 75 – 150 3194 (3)
35.1 – 36.0 - 26.1 – 28.0 3406 (9) 151 – 300 3467 (4)
≥ 36.1 3653 (2) ≥ 28.1 3453 (1) > 300 3348 (1)
August
≤ 33.0 3357 (5) ≤ 23.0 - < 100 3298 (2)
33.1 – 34.0 3465 (5) 23.1 – 25.0 3551 (2) 100– 200 3470 (3)
34.1 – 35.0 - 25.1 – 26.0 3194 (3) 201 – 300 3434 (3)
≥ 35.1 - ≥ 26.1 3485 (5) > 300 3398 (2)
September
≤ 33.0 3348 (5) ≤ 22.0 3453 (1) < 25 3577 (2)
33.1 – 34.0 3379 (4) 22.1 – 23.0 3348 (1) 25 – 75 3483 (2)
34.1 – 35.0 3854 (1) 23.1 – 24.0 3439 (4) 75 – 125 3248 (1)
≥ 35.1 - ≥ 24.1 3388 (4) > 125 3348 (5)





 Long-term rainfall analysis at Bankura and Canning stations of West Bengal (Table 2.23) 
brought out that mean annual rainfall at Canning (1891 mm) is much higher than at Bankura 
(1494 mm). Average rainfall amounts during winter, summer, southwest and northeast 
seasons, respectively were 2, 13, 77 and 8 percent and 1, 12, 75 and 12 percent of the total 
rainfall at Bankura and Canning station, respectively. The coefficient of variation (CV) in 
rainfall at Bankura was lowest (11.3%) in summer season and modest (25.2%) in southwest 
monsoon season. The CV in rainfall at Canning station, however, was lowest (11%) in 
southwest monsoon followed by summer season (36%).  The annual rainfall is least variable 
(9.8%) at Canning station compared to Bankura (20.7%).
Table 2.23. Seasonal rainfall analysis of Bankura and Canning stations of West Bengal
Station Winter Summer South-West North-East Annual
Bankura Mean 32.1 193.9 1153.5 114.4 1493.9
SD 31.6 22.0 291.0 90.1 309.0
CV 98.4 11.3 25.2 78.7 20.7
Canning Mean 23.7 219.8 1414.2 233.5 1891.2
SD 22.2 79.2 156.2 159.7 184.8
CV 93.6 36.0 11.0 68.4 9.8
Initial and conditional probability
 Probability of getting continuous weekly rainfall of 30 mm at more than 50 percent 
probability is during 22nd to 39th at Bankura and during 25th to 40th SMWs at Canning station 
(Table 2.24).  At Bankura, conditional probability of wet week of 30 mm followed by wet week 
is also above 50 percent during 22nd to 39th SMW. However, at Cannining station, it is above 50 
percent continuously during 23rd to 38th SWMs.
Table 2.24.   Initial and conditional probability of receiving 30 mm weekly rainfall at 
Bankura and Canning Stations
SMW Bankura CanningP(W) P(W/W) P(W) P(W/W)
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.08 0.00
3 0.00 0.00 0.00 0.00
4 0.13 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00
6 0.25 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00
8 0.13 0.00 0.08 0.00
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9 0.13 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00
11 0.13 0.00 0.08 0.00
12 0.13 0.00 0.15 1.00
13 0.13 0.00 0.08 0.00
14 0.13 0.00 0.23 0.00
15 0.13 0.00 0.15 0.00
16 0.00 0.00 0.08 0.00
17 0.13 0.00 0.08 0.00
18 0.63 0.00 0.23 1.00
19 0.13 0.20 0.15 0.00
20 0.63 0.00 0.23 0.50
21 0.13 0.00 0.54 0.67
22 0.50 1.00 0.23 0.14
23 0.63 0.75 0.62 0.67
24 0.88 0.80 0.38 0.50
25 0.88 0.86 0.92 0.80
26 0.88 1.00 0.85 0.83
27 0.75 0.86 0.85 0.82
28 1.00 1.00 0.85 0.82
29 0.75 0.75 0.92 0.91
30 0.75 0.67 0.85 0.83
31 0.75 0.83 0.92 0.91
32 0.50 0.33 0.92 1.00
33 0.63 0.75 0.85 0.83
34 0.63 0.60 0.69 0.64
35 0.63 0.60 0.85 0.89
36 0.75 0.80 0.92 0.91
37 0.63 0.50 0.69 0.67
38 0.63 0.60 0.69 0.56
39 0.50 0.60 0.54 0.44
40 0.38 0.25 0.54 0.57
41 0.13 0.33 0.38 0.43
42 0.25 0.00 0.38 0.20
43 0.13 0.00 0.38 0.60
44 0.00 0.00 0.08 0.00
45 0.00 0.00 0.08 0.00
46 0.00 0.00 0.23 0.00
47 0.00 0.00 0.08 0.33
48 0.00 0.00 0.00 0.00
49 0.00 0.00 0.00 0.00
50 0.00 0.00 0.00 0.00
51 0.00 0.00 0.00 0.00
52 0.00 0.00 0.00 0.00
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Kinnaur -170.4 -211.6 +275.8
Lahaul Spiti +301.0 +241.1 +722.9
Kullu +833.6 +981.6 +1514.8
Chamba +1.0 +99.8 -45.9
Shimla -80.6 -88.3 -314.7
Solan -42.3 -375.8 -238.8
Sirmour -0.4 +168.1 -340.1
Bilaspur +26.1 +314.4 -87.9
Una +472.8 +466.1 +135.1
Hamirpur +215.3 +159.1 -614.6
Kangra +489.1 +481.2 -1145.2
Mandi +218.5 +139.6 -631.7
Palampur
 To assess the changes in rainfall occurred over the last four decades, district average 
rainfall in districts of Kinnaur, Lahaul Spiti, Kullu, Chamba, Shimla, Solan, Sirmour, Bilaspur, 
Una, Hamirpur, Kangra and Mandi for the period 1974-2009 were analyzed. The average 
rainfall over decades 1984-1993, 1994-03 and 2004-09 (6 years) were compared with rainfall of 
base decade 1974-83 (Table 2.25).  
 The decadal average over all the districts (Fig.2.12) showed rainfall is not showing 
any significant increasing or decreasing trend except in Kullu district. Rest of the districts 
witnessed increasing or decreasing trends in alternate decades. The Kullu, Una and Lahul 
Spiti districts recorded higher rainfall than the base period continuously in all the decades. 
However, Shimla and Solan are receiving continuously lower rainfall than the base period 
in all the decades. The rainfall of current decade (2004-2009) was highest among the decades 
in Kinaur, Lahul Spiti and Kullu districts and lowest in Chamba, Shimla, Sirmour, Bilaspur, 
Hamirpur, Kangra and Mandi districts.




Analysis of rainfall and rainy days
 Long-term (1961-2009) monthly rainfall and rainy days were analyzed for understanding 
decade-wise changes in rainfall and rainy days over the past five decades at Parbhani (Fig.2.13). 
The analysis revealed decreasing trend in rainy days and rainfall in June during last decades. 
Rainfall and rainy days in July showed no increasing or deceasing trend over the decades. 
August rainfall witnessed increasing trend in first three decades followed by decline in next 
two decades. September rainfall and rainy days showed fluctuating trend across different 
decades. The amount of rainfall in post-monsoon month October increased over last three 
decades (1971-09) compared to the previous two decades (1961-80).
Fig.2.13. Decadal analysis of rainfall at Parbhani
Decadal changes in weather parameters
 Though decadal averages of annual values of the five meteorological parameters Tmax, 
Tmin, rainfall, RH1 and RH2 (Table 2.26) are not showing any definite increasing or decreasing 
trend. However, maximum and minimum temperatures exhibited decreasing trend and 
morning and afternoon relative humidity showed increasing trend over the last two decades 
(1988-2007). During the current decade (1998-2007), maximum and minimum temperatures 
were below the long-term average (33.7 and 18.8°C) and rainfall, RH-I and RH-II above the 
long-term average.
Table 2.26. Decadal averages of annual maximum and minimum temperature, rainfall and 
relative humidity at Parbhani
Decade
Temperature (°C) Rainfall 
(mm)
Relative Humidity (%)
Maximum Minimum Morning Afternoon
1968-1977 33.8 18.6 856.1 68.4 38.1
1978-1987 34.0 19.3 855.3 65.8 35.0
1988-1997 33.7 19.0 1105.8 68.6 36.2
1998-2007 33.5 18.3 991.7 70.9 40.2




Rainfall pattern over Chhattisgarh
 The rainfall variability during past century in Chhattisgarh was studied using 100 years 
(1901-2000) rainfall statistics of the state. For this purpose, rainfall of 40 raingauge stations 
located in different districts of the state was analyzed.  Rainfall pattern was studied by working 
out the difference between average rainfall during the periods 1900-1950 and 1951-2000. A GIS 
map displaying rainfall deviations (%) of all the districts of the state (Fig.2.14) showed that 
rainfall in districts Raipur, Mahasmund and Raigarh decreased significantly in the last half of 
20th Century compared to first half.
Fig.2.14.  Rainfall decrease during the period 1951-2000 as compared to normal (1901-50) 
values in Chhattisgarh
Temperature analysis
 Analysis for long-term (1971-2007) temperature at Raipur brought out that maximum 
temperature during rabi season (November to March) increased by 0.02°C per year and 
minimum temperature decreased by about 0.01°C per year (Fig.2.15).


















 Long-term (1956-2008) monthly rainfall data of 22 districts, comprising three agroclimatic 
zones of Jharkhand was analyzed to work out zone-wise averages, variability and trends.
District average rainfall
 Average rainfall of districts in all the three zones (Fig.2.16) showed that Agroclimatic 
Zone IV receives highest average rainfall of 1304.8 mm and, Zone V, the lowest rainfall of 
1061.8 mm. Within each zone, rainfall varied across different districts. Among all the districts 
of the state, Pakur district of Zone IV received highest rainfall (1789.9 mm) and Palamu, the 
lowest (879.8 mm).
Fig.2.16. District-wise total rainfall in three agro-climatic zones of Jharkhand
Monthly rainfall
 Monthly distribution of rainfall in three agroclimatic zones (Table 2.27) showed that in 
both Zone IV and VI, July received highest rainfall followed by August and in Zone V, August 
received highest rainfall followed by July.  Rainfall is more assured in August with lowest CV 
percent (among the months) in all the three zones of the state.
Table 2.27.  Average rainfall and its variability in agro-climatic zones of Jharkhand 
Zone IV










Jan 8.7 34.2 8.0 31.1 6.3 46.0
Feb 12.3 36.6 14.7 49.8 10.8 20.4
Mar 14.3 43.4 18.2 34.2 18.7 51.4
Apr 20.7 53.1 10.2 58.1 21.1 50.4
May 58.1 35.6 24.6 54.5 62.3 31.2
Jun 228.5 17.1 173.8 19.4 244.4 15.8
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Jul 334.6 14.6 277.8 18.0 322.5 10.0
Aug 260.2 13.9 284.1 8.2 296.7 7.5
Sep 249.9 18.2 180.2 9.3 196.9 20.7
Oct 112.3 34.9 66.7 50.5 65.3 14.3
Nov 1.6 86.5 2.4 129.7 6.4 40.9
Dec 0.6 121.1 1.1 128.4 4.4 27.2
Annual 1301.8 42.4 1061.8 49.3 1255.8 28.0
Rainfall trend
 Long-term trend in rainfall is not same across all the regions and it showed significant 
increasing trend at Ranchi of Chotanagpur region and decreasing trend in Palamu region 
(Fig.2.17).
Fig.2.17.  Rainfall pattern in Chotangapur and Palamu regions
Temperature trends
 Monthly minimum temperature departures from normal over the last 5 decades (Table 
2.28) revealed significant decrease in monthly minimum temperatures of winter months, i.e., 
December to February, in the last two decades.
Table 2.28.  Monthly changes in minimum temperature during decades at Ranchi
Month 1961-70 1971-80 1981-90 1991-2 k 2001-09
Jan -0.4 0.0 0.4 -1.0 -1.4
Feb -0.5 -0.6 1.3 -1.0 -1.2
Mar 0.0 0.1 0.0 0.1 -0.8
Apr -0.2 0.3 -0.2 -0.7 -0.6
May 0.7 -0.3 -0.5 -0.4 -0.7
Jun 0.2 0.1 -0.3 -0.4 -0.4
Jul -0.1 0.1 0.0 0.0 0.0
Aug -0.1 0.0 0.1 0.0 0.0
Sep -0.7 0.2 0.6 -0.8 -0.9
Oct 0.2 0.4 -0.7 -0.4 -0.7
Nov -0.6 1.0 -0.5 -0.5 -0.9



















 Long-term (1983-2009) maximum, minimum and average temperature and rainfall of 
Jammu was analyzed to know the long-term trends in these parameters. Though annual 
temperatures (maximum, minimum and average) are showing increasing trends (Fig.2.18) 
they are not statistically significant. As per these trend lines, maximum, minimum and average 
temperatures are showing increase of 0.07, 0.02 and 0.04°C per year, respectively.
Fig.2.18. Temperature trends (a) Maximum temperature (b) Minimum temperature, and (c) 







 Based on the above established temperature trends, rise in annual average temperature in 
next 30 years will be around 1.2°C. Using FAO’s CROPWAT model, crop water requirement 
under present day temperature and future temperature conditions were worked out for 
Jammu district (Table 2.29). It is understood from the water need data that under increased 
temperature conditions in next 30 years, crop water requirement increases to 4.5 x 109 cu. 
Meters (3% increase) than the water requirement of 4.34 x 109 cu. meters, under normal climatic 
conditions. The increase in crop water demand and decrease in rainfall would aggravate the 
water scarcity and adversely affect agriculture in Jammu region, having low water holding 
capacity, deep water table and lack of assured irrigation.




Water demand at normal 
temperature (109 cubic meter)
Water demand 
(rise in  temperature by 1.5°C)
Jammu 95.8 1.298 1.340
Samba 83.4 1.131 1.167
Akhnoor 101.4 1.374 1.418
R.S. Pura 24.5 0.332 0.343
Bishnah 15.1 0.205 0.211
Total 320.1 4.34 4.48 (3.2%)
Rainfall probability at Katra
 The weekly rainfall probability analysis was done for Katra station of Jammu located at 
an altitude of 500 m above mean sea level. The probability of receiving weekly rainfall of year 
(Fig.2.19) revealed that probability of receiving weekly rainfall of 10 and 20 mm are above 
80 percent from 26 to 35 standard meteorological weeks. The probability of receiving 50 and 
100 mm of weekly rainfall at more than 70 and 50 percent, respectively are during 28 to 34 
SMWs only. In rabi season, probability of receiving heavy rains of 50 to 100 mm are less than 
40 percent in winter, pre-monsoon and post-monsoon seasons.




 To study the long-term trends in weather parameters and to work out frequency of 
droughts in the hill zone of Uttarakhand, rainfall, rainy days, maximum and minimum 
temperature of past 28 years were analyzed. Though rainfall and rainy days showed decreasing 
trend, declining trend of rainy days is statistically significant with reduction of 8 days per 
decade (Fig.2.20). Maximum temperature showed long-term increasing trend but the increase 
is not significant due to decreasing trend from 1985 to 1997 followed by increasing trend in 
the past 13 years. Minimum temperature, however, showed significant decreasing trend with 
decrease of 0.05°C per year (Fig. 2.20).
Fig. 2.20. Rainfall, rainy days and temperatures trends at Ranichauri 
Frequency of droughts
 Frequency of droughts over each decade during the period 1982 to 2009 (Table 2.30) 
showed that droughts occurred seven times in past 28 years. In other words, drought occurs 
once in four years.
Table 2.30.  Frequency of droughts at Ranichauri, Uttarakhand
Period Frequency Drought years
1982-1990 2 1984 and 1987
1991-2000 2 1992 and 1999
2001-2009 3 2001, 2006 and 2009
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Estimation of evapotranspiration in mid-Himalayan region
 Reliable estimates of reference crop evapotranspiration (ETo) is useful for efficient 
irrigation scheduling and water resource planning. There is a need to find out the best method 
of estimation of ETo. Daily reference crop evapotranspiration (ETo) was estimated using eight 
standard methods for estimation of ETo, already in use. The estimated ETo using these methods 
were compared with ETo calculated using pan evaporation data of the region. Out of eight 
methods tested, Penman-Monteith equation was found to be best for estimating ETo due to its 
lower root mean square error and higher coefficient of determination or R2 (Table 2.31).
Table 2.31.  Ranking of ETo estimation methods on the basis of root mean square error 
(RMSE) at Ranichauri





1 Penman-Monteith -1.40 0.90 0.077
2 FAO-Penman -2.47 0.70 0.249
3 Turc-Radiation +2.60 0.71 0.253
4 FAO-Blaney-Criddle +3.00 0.72 0.280
5 Priestley-Taylor -5.44 0.78 0.320
6 Penman +9.63 0.72 0.333
7 Hargreaves +6.75 0.75 0.364
8 FAO-Radiation +12.81 0.70 0.519
Samastipur
 Long-term (30 years) daily rainfall data of Nalanda district of Bihar was analyzed for 
working out rainfall characteristics, probabilities of rainfall, length of growing season and 
droughts in this district.
Annual rainfall
 Nalanda district receives mean annual rainfall of 1106 in 60 days (Table 2.32). Annual 
rainfall of this district ranges from 464 mm (minimum) to 1792 mm (maximum).












Rainfall 464.0 1791.5 1106.3 280.3 25.3




 The characteristics of seasonal rainfall and rainy days of Nalanda district (Table 2.33) 
brought out that monsoon season received average rainfall of 952 mm (86% of annual rainfall) 
in 49 rainy days. Rainfall in monsoon is less variable (CV = 25.9%) compared to other seasons 
with higher coefficient of variability. The post-monsoon and summer seasons also contributed 
substantially with 67.9 and 61.5 mm mean rainfall, respectively. However, winter rainfall is 
lowest (24.08 mm) and most uncertain (CV of 111.5%).
Table 2.33.  Characteristics of seasonal rainfall of Nalanda district, Bihar
 Season Particulars Minimum Maximum Mean SD CV (%)
Monsoon
Rainfall (mm) 443.2 1628.8 952.1 246.3 25.9
Rainy days 31 66 49 8.5 17.4
Post-monsoon
Rainfall (mm) 0.0 204.8 67.9 60.7 89.4
Rainy days 0 10 4 2.6 65.6
Winter
Rainfall (mm) 0.0 90.2 24.8 27.7 111.5
Rainy days 0 7 2.2 2.0 91.6
Summer
Rainfall (mm) 0.0 146.4 61.5 41.6 67.6
Rainy days 0 8 2.9 2.8 96.5
Monthly rainfall
 Characteristics of monthly rainfall (Table 2.34) showed that July received highest rainfall 
of 318.6 mm with lowest coefficient of variation, among all the months. Every month of 
southwest monsoon season received more than 150 mm of rainfall with coefficient of variation 
ranging from 38 to 62.8 percent. Though mean rainfall of October is substantial, i.e., 55.6 mm, 
it is most erratic with more than 100 percent CV.
Table 2.34. Minimum, maximum, mean and standard deviation and coefficient of variation 












Jan 0.0 61.8 12.1 18.6 153.3
Feb 0.0 75.3 12.7 18.6 145.9
Mar 0.0 50.0 7.9 13.7 173.9
Apr 0.0 45.3 12.9 15.4 119.4
May 0.0 134.7 40.8 34.1 83.6
Jun 18.7 363.1 167.0 105.0 62.8














Aug 108.2 518.3 261.4 112.7 43.1
Sep 47.6 410.6 205.1 100.1 48.8
Oct 0.0 204.8 55.6 61.3 110.3
Nov 0.0 48.5 6.0 12.0 200.7
Dec 0.0 46.2 6.3 12.2 192.3
Duration of rainy season
 The start, end and duration of rainy season over the years 1974-2003 were computed 
using forward and backward accumulation of weekly rainfall. The mean dates of starting, 
ending and duration of southwest monsoon season (Table 2.35) brought out that the onset of 
season is in 25 SMW and withdrawal is in 42nd week.  The average duration of the season is 
of 17 weeks.  However, the onset can be as early as in 24th SMW to as late as in 28th week. The 
withdrawal is erratic with week of withdrawal varying between 38th and 52nd SMWs.
Table 2.35.  Start, end and duration of rainy season at Nalanda 
Year
Standard Meteorological Week Duration 
(weeks)Start End 
1974 25 41 16
1975 26 42 16
1976 24 40 16
1977 28 39 11
1978 25 44 19
1979 26 40 14
1980 25 42 17
1981 26 44 18
1982 25 38 13
1983 26 43 17
1984 24 38 14
1985 26 42 16
1986 26 51 25
1987 25 40 15
1988 25 40 15
1989 25 50 25
1990 25 41 16




Standard Meteorological Week Duration 
(weeks)Start End 
1993 26 44 18
1994 26 41 15
1995 25 52 27
1996 25 41 16
1997 25 50 25
1998 27 42 15
1999 25 42 17
2000 24 38 14
2001 25 40 15
2002 25 42 17
2003 26 43 17
Mean 25 42 17
Probability of weekly rainfall
 The weekly rainfall expected at probability levels 10, 25, 50, 75 and 90 percent (Table 
2.36) brought out that at least 20 mm of weekly rainfall with 75 percent probability could be 
expected during 27th and 34th SMWs only. At 50 percent probability, 20 mm or more weekly 
rainfall can be expected during 25 to 38 SMW.
Table 2.36.  Weekly rainfall expected at different probability levels at Nalanda                                          
SMW
Weekly  precipitation (mm) for the probabilities
90 75 50 25 10 Mean 
1 0.2 0.6 1.7 3.6 6.2 1.6
2 0.2 0.7 1.9 4.4 7.8 2.2
3 0.1 0.6 2.3 5.9 11.2 3.3
4 0.2 0.9 2.9 6.8 12.4 4.0
5 0.3 0.9 2.1 4.4 7.4 2.2
6 0.0 0.1 4.0 9.8 14.2 4.0
7 0.0 0.0 3.7 13.1 20.6 3.7
8 0.0 0.0 3.5 9.9 14.8 3.5
9 0.2 0.7 1.6 3.1 5.1 1.2
10 0.3 0.9 2.4 5.2 9.1 2.8
11 0.5 0.8 1.2 1.9 2.6 0.4
12 0.2 0.7 2.1 5.1 9.4 2.7
14 0.3 0.7 1.4 2.5 3.8 0.8
15 0.2 0.7 1.7 3.5 5.9 1.5




Weekly  precipitation (mm) for the probabilities
90 75 50 25 10 Mean 
17 0.2 0.9 3.2 8.4 16.2 5.2
18 0.2 1.0 4.0 10.7 20.9 6.9
19 0.3 1.4 5.0 12.7 24.1 8.3
20 0.2 1.2 4.7 12.6 24.8 8.4
21 0.5 2.2 7.4 18.1 33.6 12.2
22 0.2 1.4 5.9 17.0 34.6 11.8
23 0.2 1.8 8.4 25.3 52.7 18.3
24 0.7 3.2 11.7 29.9 57.1 21.0
25 6.0 16.2 38.6 76.9 127.3 54.5
26 3.8 15.0 47.6 112.8 206.8 81.2
27 9.2 23.7 54.8 106.6 174.2 76.0
28 7.3 20.1 49.1 99.0 165.1 70.4
29 21.1 36.4 61.0 95.1 134.7 70.2
30 11.5 26.0 54.2 98.5 154.3 70.5
31 14.8 27.9 50.3 82.6 121.3 60.0
32 12.0 24.9 48.7 84.6 128.8 60.8
33 12.7 25.4 48.1 81.7 122.6 58.9
34 9.4 21.5 45.4 83.2 131.0 59.3
35 5.3 14.7 35.9 72.4 120.8 51.2
36 7.0 18.7 44.5 88.4 146.2 62.8
37 11.7 23.7 45.5 78.0 117.7 56.1
38 2.8 9.8 28.2 63.4 112.7 44.9
39 1.0 4.7 16.5 41.7 79.3 29.7
40 0.3 2.3 11.0 32.8 68.0 23.9
41 0.4 1.8 6.7 17.4 33.7 11.9
42 0.2 1.2 6.2 19.6 41.8 14.1
43 0.1 0.6 2.5 6.9 13.7 4.1
44 0.2 0.7 2.2 5.2 9.7 2.8
46 0.2 0.6 1.5 2.9 4.8 1.1
47 0.2 0.7 1.6 3.2 5.3 1.3
48 0.3 0.7 1.4 2.6 4.1 0.9
49 0.7 0.9 1.1 1.3 1.6 0.1
50 0.2 0.7 1.8 3.8 6.7 1.8
51 0.2 0.6 1.7 3.5 6.0 1.5
52 0.2 0.6 2.0 4.6 8.5 2.4
Annual 754.0 899.4 1081.9 1287.7 1493.6 1106.4
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Initial and conditional probabilities of rainfall
 The Initial and conditional probabilities of wet week, i.e., P(W) and wet week followed 
by wet week, i.e., P(W/W) of weekly rainfall amounts 20, 30 and 40 mm (Table 2.37) showed 
that rainfall of amounts 20, 30 and 40 mm at 50 percent probability are received continuously 
during 25 to 38, 25 to 38 and 25 to 37 weeks, respectively. Wet week followed by wet week of 
amounts 20, 30 and 40 are expected at  50 percent probability or more during 24-38, 23-34 and 
23-34 SMW, respectively.
Table 2.37.  Initial and conditional probabilities of rainfall at Nalanda
Week
Initial and conditional probabilities
20 mm 30 mm 40 mm
P(W) P(W/W) P(W) P(W/W) P(W) P(W/W)
1 .0345 .0000 .0000 .0000 .0000 .0000
2 .3333 .0000 .0333 .0000 .0000 .0000
3 .0667 .0000 .0333 .0000 .0333 .0000
4 .0667 .0000 .0333 .0000 .0000 .0000
5 .0333 .5000 .0000 .0000 .0000 .0000
6 .0667 1.0000 .0000 .0000 .0000 .0000
7 .0667 .0000 .0333 .0000 .0333 .0000
8 .0067 .0000 .0333 .0000 .0000 .0000
9 .0333 .0000 .0000 .0000 .0000 .0000
10 .0333 .0000 .0000 .0000 .0000 .0000
11 .0000 .0000 .0000 .0000 .0000 .0000
12 .0333 .0000 .3333 .0000 .0333 .0000
13 .0000 .0000 .0000 .0000 .0000 .0000
16 .1333 .0000 .0333 .0000 .0333 .0000
17 .1333 .0000 .1000 .0000 .0000 .0000
18 .1667 .7500 .0667 .3333 .0333 .0000
19 .1667 .4000 .0667 .0000 .0667 .0000
20 .2000 .4000 .1333 .5000 .0667 .5000
21 .3333 .5000 .1333 .0000 .0667 .0000
22 .2000 .1000 .1333 .0000 .1000 .0000
23 .1667 .3333 .1667 .5000 .1667 .6667
24 .4000 .8000 .2667 .8000 .2000 .8000




Initial and conditional probabilities
20 mm 30 mm 40 mm
P(W) P(W/W) P(W) P(W/W) P(W) P(W/W)
26 .7333 .7619 .5667 .5556 .5333 .5000
27 .7667 .8182 .7000 .6471 .7000 .6250
28 .8000 .7391 .6667 .5714 .6667 .5714
29 .8667 .9583 .8333 .9500 .7667 .9000
30 .8667 .8462 .7000 .6800 .6667 .6087
31 .8333 .8077 .8333 .7619 .7000 .6500
32 .8000 .8400 .7000 .7200 .5667 .5238
33 .7333 .7500 .7000 .7143 .6000 .7059
34 .8000 .7273 .7333 .6190 .5333 .5000
35 .5667 .5000 .4000 .2727 .4000 .3125
36 .7000 .8235 .6000 .6667 .5000 .6667
37 .8667 .8095 .8000 .7778 .5667 .6000
38 .6667 .7308 .5333 .5833 .4000 .4706
39 .4000 .4000 .4000 .5000 .3667 .4167
40 .3000 .2500 .2333 .2500 .2000 .2727
41 .1667 .0000 .1000 .0000 .0667 .0000
42 .2333 .2000 .1667 .3333 .1000 .0000
43 .0333 .0000 .0333 .0000 .0333 .0000
44 .1000 .0000 .0000 .0000 .0000 .0000
45 .0333 .0000 .0333 .0000 .0333 .0000
46 .0000 .0000 .0000 .0000 .0000 .0000
47 .0000 .0000 .0000 .0000 .0000 .0000
48 .0000 .0000 .0000 .0000 .0000 .0000
49 .0000 .0000 .0000 .0000 .0000 .0000
50 .0333 .0000 .0000 .0000 .0000 .0000
51 .0667 .0000 .0000 .0000 .0000 .0000
52 .0667 .5000 .0333 .0000 .0000 .0000
Drought analysis
 Analysis of rainfall from 1974 to 2003 of Nalanda district, droughts of mild to severe 
category were observed in 32 percentage of years (Table 2.38).  Mild droughts occur more 
frequently (26% of years) than the other two categories of droughts.
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 Analysis of annual rainfall over the past three decades (1971-2009) at Solapur showed 
that average annual rainfall was declined significantly from 792.2 mm during the decade 1971-
90 to 671.1 mm during the current decade 2001-2009 (Fig.2.21).
Fig. 2.21.  Variation in annual rainfall at Solapur (1971-2009)
Monthly rainfall
 Monthly rainfall over the last three decades (Fig.2.22) showed steady declining trend 
over each decade in the monthly rainfall of June and July months, which is crucial for the 
performance of kharif crops.
Fig.2.22. Monthly rainfall variation at Solapur (1971-2009)
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Annual maximum, minimum and average temperature
 Analysis of long-term (1968-2009) temperature data of Solapur (Fig.2.23) showed highly 
significant increasing trend in maximum, minimum and average temperatures of Solapur. All 
these three parameters showed individual increasing trend of 0.02°C per year. The declining 
trend of rainfall and highly significant increasing trend in temperature may adversely affect 
the agriculture in Solapur region with scarce rainfall conditions.
Fig. 2.23. Trend in maximum, minimum and average temperatures of Solapur (1968-09)
Udaipur
 For making agroclimatic characterization of Udaipur and other districts of Southern 
Rajasthan, 37 years daily rainfall data were analyzed.
Trends of temperature at Udaipur
 Long-term trends in monthly maximum and minimum temperatures of all calendar 
months at Udaipur (Table 2.39) showed that though maximum temperature in all 12 months 
is showing long-term increasing trend, it is significant in months January, February, April, 
August, November and December only. Minimum temperature, however, has not showed 

























Table 2.39.  Linear trends (equations) of maximum and minimum temperature in different 
months at Udaipur
Months Maximum temperature R2 Minimum temperature R2
January Y = 0.0673x + 22.993 0.176 Y = -0.0199x + 6.0288 0.011
February Y = 0.1101x + 24.981 0.261 Y = 0.0418x + 7.2064 0.043
March Y = 0.0738x + 30.813 0.118 Y = 0.0483x + 12.584 0.083
April Y = 0.0834x + 35.057 0.235 Y = 0.0101x + 19.043 0.003
May Y = 0.0179x + 38.237 0.016 Y = 0.0423x + 24.091 0.099
June Y = -0.0205x + 36.486 0.015 Y = -0.0173x + 26.11 0.061
July Y = 0.0043x + 30.913 0.001 Y = 0.0042x + 24.305 0.003
August Y = 0.0453x + 28.785 0.144 Y = -0.0047x + 23.133 0.004
September Y = 0.0184x + 31.022 0.014 Y = 0.0251x + 20.728 0.031
October Y = 0.0354x + 31.962 0.032 Y = 0.0115x + 15.306 0.003
November Y = 0.0952x + 27.786 0.311 Y = 0.0593x + 9.3251 0.092
December Y = 0.0933x + 24.388 0.229 Y = 0.039x + 6.0459 0.031
Table 2.40.  Dates of onset and withdrawal of monsoon and its duration at Udaipur
Monsoon Mean Early Late
Standard 
deviation (days)
Onset (date) 19 June 30 May 13 July 10
Withdrawal (Date) 30 October 18 August 23 December 30
Duration (days) 106 53 201 33
 Between 24 and 28 June, the frequency of occurrence of onset of monsoon is maximum 
(18.9% of years) and the frequency of occurrence of onset of monsoon in more than 10 
percentage of years during the pentads (five days period), 4-8 June, 9-13 June, 14-18 June and 
19-23 June (Fig.2.24).
Onset, withdrawal and duration of monsoon
 Daily rainfall data of the years 1971-2007 was analyzed to work out normal dates of onset 
and withdrawal of southwest monsoon and its duration at Udaipur. Descriptive statistics of 
dates of onset and withdrawal, and duration of monsoon (Table 2.40) showed that the normal 
date of onset of monsoon is on 19 June with standard deviation of 10 days. From the last 37 
years pattern of onset, it was observed that its earliest occurrence was on 30 May in 1977 and 
delayed occurrence was on 13 July in 1985. The normal withdrawal of monsoon is most erratic 
with earliest withdrawal on 18 August to delayed withdrawal on 23 December over the last 37 
years. The normal duration of the season is 106 days with standard deviation of 33 days. The 


















































Fig. 2.24.  Onset of monsoon over Udaipur
Drought analysis in Southern Rajasthan 
Meteorological drought
 Meteorological droughts of different intensities, viz., mild, moderate and severe over past 
38 years in seven districts of southern Rajasthan (Table 2.41) showed that Sirohi, Dungarpur 
and Rajsamand are more drought prone with more than 50 percent of drought years at each 
district. These three districts experienced severe droughts while severe droughts never 
occurred in other four districts.










Banswara 50 29 21 0
Bhilwara* 52 17 30 0
Chittorgarh 53 26 21 0
Dungarpur 42 34 21 3 (2002)
Rajsamand 46 38 13 4 (2000)
Sirohi 42 21 24 13 (1985-88, 1991, 2002)
Udaipur 50 34 16 0
* 1985-2007
 Frequency of mild droughts was more than moderate droughts in Banswara, Chittorgarh, 
Dungarpur, Rajsamand and Udaipur while frequency of moderate droughts was more than 
mild droughts in Sirohi and Bhilwara districts.
Agricultural drought
 As per IMD’s approach, at least four consecutive weeks receiving less than half of the 
normal rainfall (> 5 mm) during kharif season is considered as agricultural drought. Using 
this criterion, agricultural droughts in seven districts of southern Rajasthan were worked out 
(Table 2.42). All the seven districts except Rajsamand experienced agricultural droughts in 
more than 50 percent of years. Percentage of years experiencing agricultural droughts was 
maximum in Sirohi (78.9%) followed by Bhilwara district (78.3%). The period from 37 to 40 
SMWs was observed to be experiencing recurring agricultural droughts in almost all the 
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Table 2.42. Agricultural drought in southern Rajasthan during 1970-2007
Name of districts






Banswara 41 57.9 SMW 37-40
Bhilwara * 22 78.3 SMW 37-40
Chittorgarh 31 63.2 SMW 37-40
Dungarpur 32 57.9 SMW 36-39
Rajsamand * 14 41.7 SMW 34-37 & SMW 37-40
Sirohi 51 78.9 SMW 34-37
Udaipur 31 60.5 SMW 37-40
* 1985-2007 Bhilwara * 1984-2007 Rajsamand 
Average and dependable rainfall
 Average and dependable (at 75% probability) rainfall during southwest monsoon season 
and total year at seven districts of south Rajasthan (Table 2.43) revealed that annual rainfall was 
highest (1109 mm) in Banswara district and lowest (513 mm) in Rajsamand. Though Rajsamand 
received lowest annual rainfall, coefficient of variation in annual rainfall and monsoon rainfall 
of this district is lowest among all the seven districts. Dependable rainfall, i.e., the rainfall at 
75 percent probability in both monsoon season and the whole year are lowest in Sirohi district 
(290 and 352 mm) and highest in Banswara district (686 and 816). Coefficient of variation in 
annual and monsoon season’s rainfall is also highest (60.8 and 55%) in Sirohi district.  In view 
of lowest dependable rainfall in monsoon season and highest coefficient of variation in annual 
and monsoon rainfall, agriculture seems to be risky in Sirohi district. Only drought hardy and 
short duration crops can be recommended for this district.
districts of southern Rajasthan. Droughts occurring during the period of 37-40 SMW, i.e., from 
10 Sept to 7 Oct, considered as terminal droughts, might be occurring due to early withdrawal 
of monsoon.
Table 2.43.  Mean and dependable rainfall in different districts of South Rajasthan
District
Rainfall in southwest monsoon Annual rainfall
Probability level (75%) Mean (CV) Probability level (75%) Mean (CV)
Bhilwara 428 600(40.8) 452 638(37.5)
Chittorgarh 583 739(30.5) 612 794(28.0)
Rajsamand 361 477(30.4) 421 513(27.1)
Sirohi 290 572(60.8) 352 615(55.0)
Udaipur 382 549(35.7) 458 599(30.7)
Banswra 686 1052(41.7) 816 1109(37.8)






 To study the crop-weather relationship in chickpea, three varieties, viz., AKG-46, JAKI-
9218 and SAKI-9516 were exposed to three different environments by sowing them on three 
dates, viz., 1, 8 and 15 Oct 2008. 
Yield in relation to weather conditions
 Higher seed and fodder yields in early sown crop compared to in delayed sowing 
conditions were obtained due to higher heliothermal conditions in vegetative stage, higher 
light interception and higher soil moisture status during pod formation and seed development 
stages compared to delayed sowing conditions (Table 3.1). Similar conditions (high weather 
indices) were responsible for higher yield of SAKI-9516 compared to the varieties AKG-46 and 
JAKI-9218.













at pod formation 
Soil moisture in 






1 Oct 2008 426 919 6943 24.6 54.1 50.1
8 Oct 2008 400 890 6480 22.3 48.0 44.8
15 Oct 2008 281 603 6043 19.7 44.7 42.7
CD (0.05) 62 93
Varieties
AKG-46 321 735 6271 21.5 47.6
JAKI-9218 366 847 6492 22.4 49.5
SAKI-9516 419 830 6703 22.7 49.8
Correlation studies
 Correlation coefficient of seed yield with heat indices and weather parameters prevailed 
during flowering to seed development stages of chickpea (Table 3.2) showed that growing 
degree days (GDD, heliothermal units (HTU), temperature (maximum, minimum and mean), 
bright sunshine hours and soil moisture content showed significant positive relation with 




Table 3.2. Correlation coefficient of heat indices and weather parameters with seed yield of 
chickpea at Akola
Parameters Flowering Pod formation Seed development Total growing period
GDD 0.905** 0.905** 0.812** 0.742*
HTU 0.905** 0.897** 0.802** 0.800**
MaxT 0.827** -0.478 0.756* 0.697*
MinT 0.883** 0.849** 0.721* 0.776*
MeanT 0.872** 0.884** 0.731* 0.758*
BSH -0.800** 0.903** 0.905** 0.583
SMC 0.905** 0.782* 0.739* 0.670*
*  Significant at 0.05 level **  Significant at 0.01 level
Heat use efficiency
 Heat use efficiency (kg ha-1 °C day-1) with respect to seed and dry matter yield (Table 3.3) 
showed higher heat use efficiency with respect to both seed and dry matter yield on 1 and 8 
Oct sown crop and lowest in late sown (15 Oct) crop. Among the varieties, heat use efficiency 
with respect to seed yield was highest in SAKI-9516 and with respect to dry matter production 
was highest in JAKI-9218. HUE with respect to both seed yield and dry matter production was 
lowest in AKG-46.
Table 3.3.  Heat use efficiency of chickpea varieties in terms of seed and biomass production 
(kg ha-1 °C day-1) under different dates of sowing at Akola
Varieties
Sowing date




D3 - 42 MW
(15.08.08)
Mean
AKG-46 (V1) 0.22(0.44) 0.19(0.51) 0.14(0.30) 0.18(0.42)
JAKI-9218 (V2) 0.21(0.51) 0.19(0.46) 0.19(0.40) 0.20(0.46)
SAKI-9516 (V3) 0.24(0.48) 0.26(0.47) 0.15(0.33) 0.22(0.43)
Mean 0.22(0.48) 0.21(0.48) 0.16(0.35)
Figures in parentheses indicate heat use efficiency in terms of biomass
Faizabad
 Crop-weather relationship in chickpea was studied by subjecting three varieties, viz., 
Awarodhi, Radhey and Uday to three different environmental regimes, by sowing them on 
three different dates 25th Oct, 5th Nov and 15th Nov 2008.
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Absorbed photosysnthetically Active Radiation (APAR)
 Cumulative absorbed photosysnthetically active radiation recorded at periodic intervals 
(15 days) during the total growing period of three chickpea varieties grown under three 
sowing dates (Table 3.4) showed that the early sown crop (25th Oct) absorbed comparatively 
higher PAR at all the crop stages than the APAR at respective stages in crop sown later (5th and 
15th Nov). Among the varieties, cv. Radhey absorbed higher PAR than the other varieties, at all 
the stages of crop. The higher absorption in variety Radhey and also in early date of sowing 
was due to higher LAI achieved by Radhey and early date than the other varieties and dates 
of sowing.
Radiation Use Efficiency (RUE)
 In all the varieties and sowing dates, RUE (expressed in g/MJ) gradually increased to 
reach peak at 90th day after sowing and decreased gradually in later growing stages (Table 
3.5).  RUE at each stage of the crop was highest in early sowing crop and lowest in late sowing 
conditions. The variety Radhey could achieve highest RUE at all the growth stages compared 
to other varieties.
Table 3.4.  Cumulative APAR (MJ/m2) of chickpea as affected by various treatments at Faizabad
Treatments
Days after sowing
15 30 45 60 75 90 105 120 135
Sowing dates
25 Oct 28.8 86.2 172.6 266.9 366.5 465.4 519.8 538.4 538.3
5 Nov 27.9 78.4 157.2 252.2 349.9 430.0 466.3 478.2 463.2
15 Nov 26.8 75.8 150.4 238.6 325.5 402.3 462.2 466.0 450.9
Genotypes 
Awarodhi 24.6 78.9 142.2 232.2 322.2 427.8 492.9 487.4 493.3
Radhey 25.2 82.8 146.0 234.5 326.8 460.2 519.3 531.6 542.6
Uday 24.5 78.9 140.5 228.3 322.6 418.8 478.0 482.8 491.5
Table 3.5.  Radiation use efficiency (g/MJ) of chickpea as different by various treatments at Faizabad
Treatment
Days after sowing
15 30 45 60 75 90 105 120 135
Sowing dates
25 Oct 0.90 0.99 1.15 1.26 1.28 1.61 1.58 1.42 1.29
5 Nov 0.88 0.95 1.12 1.18 1.26 1.53 1.42 1.35 1.22
15 Nov 0.86 0.91 1.09 1.10 1.21 1.46 1.39 1.34 1.21
Genotypes
Awarodhi 0.87 0.93 1.08 1.18 1.24 1.50 1.32 1.27 1.22
Radhey 0.87 0.96 1.13 1.22 1.27 1.56 1.36 1.28 1.26
Uday 0.85 0.92 1.05 1.16 1.22 1.48 1.31 1.24 1.20
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Effect of temperature on yield and yield attributes
 Average temperature showed highly significant positive relationship with yield attributes, 
viz., pod per plant and seed per pod (Fig.3.1). Number of pods per plant increased by 2.2 
and number of seeds per pod increased by 0.5 with unit increase in average temperature. 
Yield of chickpea, however, showed highly significant negative relationship with maximum 
temperature during the reproductive period of the crop (Fig.3.1). Yield decrease by 0.37 q/ha 
with 1°C increase in maximum temperature during reproductive period.
Heat Use Efficiency (HUE)
 Heat use efficiency in different varieties under three different sowing dates (Table 3.6) did 
significantly vary under different dates of sowing. In all the dates of sowing and varieties, it 
was minimum at 15 DAS and maximum at 90-105 DAS.  Among the varieties, Radhey showed 
highest HUE at all the growth stages.




15 30 45 60 75 90 105 120 135 AH
Sowing dates
25 Oct 0.13 0.20 0.32 0.35 0.41 0.49 0.49 0.43 0.41 0.37
5 Nov 0.11 0.20 0.30 0.35 0.39 0.48 0.47 0.43 0.40 0.36
15 Nov 0.10 0.17 0.29 0.34 0.39 0.47 0.45 0.39 0.40 0.35
Genotypes 
Awarodhi 0.11 0.18 0.31 0.35 0.42 0.49 0.49 0.43 0.41 0.37
Radhey 0.11 0.20 0.32 0.38 0.45 0.52 0.51 0.45 0.41 0.39
Uday 0.10 0.19 0.27 0.34 0.36 0.45 0.41 0.35 0.35 0.31
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Fig. 3.1. Relationship with temperature during the reproductive period at Faizabad
Jabalpur
 To understand the effect of weather on yield and yield attributes of chickpea, three 
varieties, viz., JGK-3 Kabuli), JG-322 (Deshi) and JGG-1 (Gulabi) were sown on three dates, 
viz., 24 Oct, 12 Nov and 2 Dec 2008.  Pooled analysis of seed yield over last five years including 
2008-09 yield data, in relation to maximum, minimum and average temperature during 50 
percent flowering to physiological maturity (Fig.3.2) brought out that all these have significant 
inverse relationship with seed yield. Among these temperatures, maximum temperature 
showed higher significant negative relationship with seed yield than minimum temperature. 
In other words, higher day temperatures during reproductive period are more detrimental 
to productivity of crop (R2 = 0.73) than higher night temperatures (R2 = 0.48). One degree 
increase in maximum, minimum and average temperature during reproductive period caused 
decrease in seed yield by 199.4, 171.7 and 195.8 kg/ha, respectively.
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Fig.3.2.  Maximum, minimum and mean temperature during 50% flowering to physiological 
maturity and chickpea seed yield (kg/ha) at Jabalpur
Effect of temperature on yield and yield attributes
 Yield and yield attributes of crop varieties, JGK-3, JG-322 and JGG-1 sown on 24 Oct, 12 
Nov and 2 Dec 2008 (Table 3.7) showed that high temperature during reproductive period and 
low temperature during vegetative period adversely affect yield and yield attributes.
Table 3.7.  Yield and yield attributes as affected by temperature during pre- and post-














24-10-2008 JGK-3 (Kabuli) 1047 41.4 27.5 15.2 13.2
12-11-2008 JGK-3 (Kabuli) 1425 41.8 26.8 13.4 13.2
02-12-2008 JGK-3 (Kabuli) 1024 35.0 16.3 12.9 14.0
24-10-2008 JG-322 (Desi) 1836 25.5 31.5 14.3 13.4
12-11-2008 JG-322 (Desi) 1720 23.1 33.5 13.0 13.9
02-12-2008 JG-322 (Desi) 1382 13.3 20.3 13.1 16.2
24-10-2008 JGG-1 (Gulabi) 1437 17.9 32.8 14.2 13.5
12-11-2008 JGG-1 (Gulabi) 1544 15.9 30.0 12.9 14.0
02-12-2008 JGG-1 (Gulabi) 1225 10.1 21.5 13.1 16.0
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 To study the crop-weather relationship in chickpea, two diverse cultivars Vijaya (V1) 
and Digvijay (V2) of the crop were grown in three varied environmental conditions by sowing 
these crop varieties on four dates of sowing, viz., 24 Sept, 1 Oct, 18 Oct and 3 Nov 2008.
Moisture and radiation use efficiency
 Moisture use efficiency (MUE) and radiation use efficiency (RUE) in respect of two varieties 
under four dates of sowing (Table 3.8) revealed that both MUE and RUE were higher in both 
varieties in case of early sowing compared to late sown conditions. Moisture use efficiency 
reduced with each delay in sowing while RUE was not following any decreasing order with 
delay in sowing. MUE and RUE were not significantly different between the varieties.  Highest 
MUE in early sown and its decrease with delay in sowing was also reflected in yield of both 
varieties, as both the varieties under early sowing achieved higher yield and delay in sowing 
decreased the yield of both varieties.
Table 3.8.   Moisture and radiation use efficiency as influenced by sowing dates and varieties 
at Solapur during 2008-09
Sowing date Variety MUE (kg ha-1 mm) RUE (gm MJ-1) Yield (kg/ha)
24 Sept 2008 Vijay 7.1 2.57 1737
Digvijay 7.0 2.72 1905
1 Oct 2008 Vijay 5.8 2.27 1385
Digvijay 5.7 2.27 1524
18 Oct 2008 Vijay 4.8 2.44 1075
Digvijay 4.7 2.45 1160
3 Nov 2008 Vijay 4.6 2.37 819
Digvijay 4.5 2.42 894
Effect of moisture use on yield
 Yield of each variety under four sowing dates was related with cumulative moisture 
(CUM) of each variety under each sowing date (Fig. 3.3). It was understood from the relation 
that yield is positively and significantly related with cumulative moisture use (CUM) during 
the crop growing season.
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Fig.3.3. Relationship between yield and CUM in chickpea at Solapur
Heliothermal units and yield
 Heliothermal units, i.e., the product of degree days (or temperature) and sunshine hours 
during the crop growing period of varieties Vijay and Digvijay of chickpea under four sowing 
dates showed highly significant positive relationship with yield ( Fig.3.4).





 Crop-weather relationships in wheat were studied by sowing crop variety GW-496 in 
three dates of sowing at four irrigation levels since the 1995-96. Pooled analysis of wheat yield 
in relation to phase-wise weather parameters over the years 1995-96 to 2007-08 brought out 
that among all the weather parameters, only minimum temperature in some phenological 
stages had significant influence on wheat yield (Table 3.9). Minimum temperature during 
months of December and January also showed highly significant negative influence on yield 
of normal date sown crop and also on yield pooled over all the dates of sowing.  It is apparent 
from the analysis that higher minimum temperature during the months of December and 
January is detrimental to wheat yield.
Table 3.9.  Correlation coefficients between wheat yield and weather parameters sown on 
different dates of sowing at Anand
Phenological 
phase
D1 - (1 Nov) D2 - (15 Nov) D3 - (30 Nov)
All dates of 
sowing
MaxT MinT MaxT MinT MaxT MinT MaxT MinT
Crown root initiation 0.13 0.44 -0.20 -0.31 0.37 -0.64 0.01 -0.20
Tillering 0.36 -0.31 0.14 -0.56 0.47 -0.34 0.15 -0.44*
Jointing 0.23 -0.28 0.44 -0.68* -0.35 -0.63 -0.04 -0.48*
Flowering 0.35 -0.84** -0.47 -0.79* 0.38 0.50 0.05 -0.28
Milking -0.19 -0.92** 0.18 -0.14 -0.56 -0.40 -0.17 -0.61**
Dough 0.57 0.58 -0.56 -0.67* 0.37 -0.14 0.11 -0.09
Physiological maturity -0.40 0.01 0.35 -0.39   0.68* -0.41 0.22 -0.03
Months
December -0.66 -0.71* -0.64 -0.61**
January -0.55 -0.90** -0.39 -0.54**
 Minimum temperature prevailed during different phonelogical stages of crop growing 
period in all the three dates of sowing (Fig.3.5) showed that in early sown crop (D1) higher 
minimum temperature prevailed upto milking stage, while in late sown crop (D3) higher 
minimum temperature prevailed during milking to physiological maturity stage of the crop. 
In case of normal date sown crop (D2), minimum temperature remained lower during most of 
the phenological stages compared to D1 and D3 sown crop. The lower minimum temperature 
during the crop growing period of normal sown crop resulted in its higher yield compared to 
early or late sown crops.
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 Fig.3.5. March of mean minimum temperatures during three dates of sowing at Anand
Fig.3.6. Relation between wheat yield and consumptive use of moisture at Anand
Water use and yield
 Consumptive use of water in all the combinations of dates of sowing and irrigation 
level treatments were worked out and related with corresponding yield (Fig. 3.6).  Wheat 




 The partitioning of net radiation (Rn) into different energy balance components, i.e., latent 
heat flux (LE), sensible heat flux (A) and soil heat flux (G) at two stages of wheat varieties, viz., 
C-306 and WH-1025 (Table 3.10) showed that around 62.8 to 71.7 percent of total Rn was used 
for Evapotranspiration, i.e., LE at different stages of crop. The values of LE increased from 
early sowing to late sowing in C-306 and in variety WH-1025. They were less in late sowing 
than in early sowing at both the dates of observation. The sensible heat flux values were lesser 



















































































































































































































































































































































































































































Influence of weather on yield and yield attributes
 Correlation of yield and yield attributes with weather parameters during vegetative 
and reproductive periods (Table 3.11) brought out that grain yield of wheat was positively 
correlated with maximum and minimum temperature and sunshine hours during vegetative 
phase and negatively related with these parameters during reproductive phase. Rainfall in both 
vegetative and reproductive periods, however, had negative relationship with yield and yield 
attributes (except number of tillers per plant). The negative association of rainfall with yield 
and yield attributes under Hisar conditions was due to shallow water table and high moisture 
content in the soil profile throughout the crop season. The significant positive association of 
maximum and minimum temperature and sunshine hours during vegetative stage resulted in 
higher photosynthetic activity and faster growth under high temperature and sunshine hours 
during vegetative period leading to higher seed yield. Significant negative relationship of 
temperature during reproductive period resulted in increased respiration rate leading to poor 
sink development and less yield.
Table 3.11.  Correlation coefficients (r) for seed yield and yield attributes with weather 










Maximum temperature 0.82* 0.80* 0.82* 0.82*
Minimum temperature 0.84* 0.79* 0.85* 0.86*
Sunshine hours 0.79* 0.78* 0.80* 0.85*
Rain -0.85* 0.77* 0.66* -0.78*
Reproductive stage
Maximum temperature -0.75* 0.82* -0.83* -0.82*
Minimum temperature -0.78* 0.78* -0.85* -0.78*
Sunshine hours -0.75* 0.82* -0.85* -0.79*
Rain -0.78 0.69* 0.69* -0.78*
Kanpur
 To study crop-weather relationship and also to identify varieties tolerant to thermal 
stress, three varieties of wheat (HD-2733, K-0307 and K-9107) were exposed to three different 
thermal regimes by planting the crop on three dates, viz., 30 Nov, 15 Dec and 30 Dec 2008.
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Heat Use Efficiency (HUE)
 Heat use efficiency with respect to biomass and grain yield of three varieties under three 
dates of sowing (Table 3.12) showed that all the varieties under early planting achieved higher 
HUE compared to the varieties under delayed sowing conditions. Among the varieties, HD-
2733 achieved highest HUE under all the micro-environments, thus showing its higher heat 
tolerance ability than the other two varieties.
Table 3.12. Heat use efficiency with respect to grain and biomass yield of wheat at Kanpur
Sowing dates Variety
HUE  (kg/ha/0C)
Total bio-mass Grain yield (kg/ha)
30 Nov 08 HD-2733 9.58 4.04
K-0307 8.83 3.84
K-9107 9.06 3.27
15 Dec 08 HD-2733 8.67 3.65
K-0307 8.08 3.13
K-9107 8.17 2.98
30 Dec 08 HD-2733 7.60 3.12
K-0307 7.24 2.87
K-9107 7.57 2.48
Yield and weather relations
 Yield of each of the three varieties under each date of sowing were related with weather 
parameters – sunshine hours, maximum, minimum and average temperature and diurnal 
temperature range (DTR) during vegetative and reproductive periods of the crop. Though 
maximum temperature during vegetative period showed significant negative relation (R2 = 
0.59) with yield, minimum temperature during this period could not significantly influence 
the yield (R2 = 0.24). However, all these temperature variables, i.e., maximum, minimum and 
average temperature during reproductive period showed significant adverse relationship 
with yield (Fig.3.7 a,b,c ). The decrease in yield with unit increase in minimum temperature 
during reproductive period (452 kg/ha) was observed to be more than the decline of yield due 
to maximum (364 kg/ha) and average temperature (397 kg/ha).  
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Fig.3.7.  Grain yield of wheat in relation to temperature during reproductive stage at Kanpur
Fig.3.8  Grain yield of wheat in relation to diurnal temperature range during reproductive stage 
at Kanpur
Fig.3.9 . Influence of bright sunshine (hrs) on yield during vegetative period at Kanpur
 Not only temperature but also the increase in DTR, i.e., difference between maximum 
and minimum temperature during reproductive period drastically reduces the wheat yield 
(Fig.3.8).  Higher number of bright sunshine hours during vegetative period were also found 
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Effect of weather on yield attributes
 Optimum weather conditions like lower maximum and minimum temperature during 
reproductive period and low sunshine hours during vegetative period not only enhanced the 
yield but also improved the yield attributes (Table 3.13).
Table 3.13.  Yield and yield attributes of wheat under different meteorological conditions 
















Grain Straw MaxT MinT
30 Nov 5563 8060 18.9 11.2 53.5 40.8 3.4 28.5 11.6
15 Dec 4873 7610 18.4 10.8 48.9 39.6 5.2 30.5 13.3
30 Dec 4127 6740 17.5 10.3 46.5 37.1 6.4 32.7 15.0
Ludhiana
Micrometeorological observations
 Incident PAR, its interception in the canopy and albedo at different phenological stages 
of crop varieties, viz., PBW-343, PBW-502 and PBW-550 sown on 7 Nov, 21 Nov and 5 Dec 
2008 (Table 3.14) showed that interception (%) of PAR is highest (84.3 to 85%) at booting stage 
in all varieties under early transplanted conditions. However, PAR interception is highest 
at flag leaf initiation stage in normal and late sowing conditions. The albedo in all varieties 
at important four stages tillering, jointing, flag leaf initiation and booting is less than 10 
percent under all the dates of sowing.  All the varieties sown on 5 Dec (late sown) intercepted 
significantly lesser PAR at all four growth stages than under early sown conditions. The crop 
varieties sown on 21 Nov intercepted higher PAR upto flag leaf initiation than the other earlier 
or delayed sown conditions. The higher interception of PAR under normal sown (21 Nov) 
conditions were also reflected in recording higher yields in all varieties sown on 21 Nov than 
in other dates of sowing.
Table 3.14.  Interception of PAR (%) and albedo (%) at main phenological stages of wheat 








D1 – 7 Nov
PBW-550 Tillering 852.5 72.4 6.3
Jointing 725.6 75.9 5.0
Flag leaf initiation 884.0 78.1 5.0
Booting 934.6 85.0 3.9
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PBW-502 Tillering 852.5 71.9 5.7
Jointing 725.6 77.8 4.8
Flag leaf initiation 884.0 79.4 4.9
Booting 934.6 85.0 3.7
PBW-343 Tillering 852.5 73.7 5.4
Jointing 725.6 75.6 5.1
Flag leaf initiation 884.0 76.9 4.9
Booting 934.6 84.3 3.6
D2 – 21 Nov
PBW-550 Tillering 725.6 75.2 4.9
Jointing 884.0 77.9 5.7
Flag leaf initiation 934.6 85.8 3.5
Booting 972.6 76.3 4.1
PBW-502 Tillering 725.6 75.5 6.3
Jointing 884.0 79.2 5.7
Flag leaf initiation 934.6 84.8 3.6
Booting 912.9 76.8 8.3
PBW-343 Tillering 725.6 77.2 5.4
Jointing 884.0 78.1 5.3
Flag leaf initiation 934.6 86.4 3.7
Booting 857.3 78.3 3.9
D3 – 5 Dec
PBW-550 Tillering 725.6 61.0 7.0
Jointing 884.0 60.6 6.6
Flag leaf initiation 934.6 74.8 3.9
Booting 979.8 60.9 4.4
PBW-502 Tillering 725.6 59.7 6.2
Jointing 884.0 60.2 6.2
Flag leaf initiation 934.6 71.1 3.6
Booting 845.4 61.2 4.7
PBW-343 Tillering 725.6 65.4 6.1
Jointing 884.0 59.7 7.3
Flag leaf initiation 934.6 74.6 4.6




 To study the influence of temperature on wheat yield, eight varieties of wheat 
recommended for Himachal Pradesh, viz., HPW-42 (V1), HPW-155 (V2), HPW-184 (V3), HPW-
249 (V4), HS-240 (V5), HS-295 (V6), HS-320 (V7) and VL-892 (V8) were exposed to three thermal 
regimes by planting the crop on three different dates, viz., 6 Nov, 20 Nov and 5 Dec 2008.
 Analysis of grain yield of wheat in relation to maximum and minimum temperature 
during vegetative and reproductive period of each variety (Table 3.15), it was observed that 
all the varieties transplanted on early sowing date (6 Nov) produced highest yield due to 
lower maximum and minimum temperature prevailed during the reproductive period in all 
the varieties. Due to delay in transplanting, the varieties encountered higher maximum and 
minimum temperatures during reproductive period to record significantly lesser yield than 
the early sown crop varieties. Among the varieties, HS-240 and HS-420 were less sensitive 
whereas HPW-42 and VL-892 were more sensitive to thermal stress, as difference in yield 
between low and high thermal regimes were less in HS-420 and 240 and more in HPW-42 and 
VL-892.





Vegetative Phase Reproductive Phase
Temperature (°C)
Maximum Minimum Maximum Minimum
D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3
HPW-42 1358 1185 716 19.6 19.5 19.7 7.5 7.6 7.9 24.3 24.3 25.0 12.0 12.2 12.7
HPW-155 1605 133 1259 19.9 19.6 19.8 7.7 7.8 8.0 25.0 25.3 25.8 12.6 12.9 13.3
HPW-184 1753 1605 1086 19.8 19.6 19.7 7.7 7.7 7.9 24.9 25.3 25.4 12.5 12.8 13.0
HPW-249 1877 1630 1407 19.6 19.5 19.7 7.5 7.6 7.9 24.5 24.6 26.1 12.2 12.3 13.5
HS-240 2099 2074 1901 19.5 19.4 19.7 7.5 7.7 7.8 25.2 25.4 25.9 12.7 13.0 13.4
HS-295 1827 1657 1432 19.7 19.5 19.3 7.6 7.7 7.6 25.2 25.2 25.8 12.7 12.8 13.1
HS-320 2287 2478 2099 19.9 19.6 19.8 7.8 7.8 8.1 26.7 27.4 27.9 14.0 14.4 14.8
VL-892 2272 1827 1358 19.7 19.5 19.6 7.6 7.6 7.8 24.2 24.3 25.1 12.0 12.1 12.7




 To study the crop-weather relationship in wheat, six varieties of wheat viz., Sujata, 
Kanchan, GWO-273, Lok-1, Ratan and Arpa were exposed to three different thermal regimes 
by sowing them on three different dates, viz., 30 Nov, 10 Nov and 20 Dec 2008.
Yield and weather indices
 Relating grain yield of all varieties with per day growing degree days (GDD), photothermal 
units (PTU) and heliothermal units (HTU) during the growing period of respective varieties, 
the following highly significant relationships between yield and the weather indices have 
been worked out.
 Y = 19915 – 964 GDD  R2 = 0.34**
 Y = 17602 – 74 PTU   R2 = 0.42**
 Y = 20917 – 122 HTU  R2 = 0.37**
 The above relations brought out that all these indices representing temperature (GDD) or 
product of temperature and day length (PTU) or product of temperature and sunshine hours 
(HTU) are adversely affecting wheat yield. In other words, higher temperature, longer days 
and more sunshine hours during the growing period are detrimental to wheat yield.
Heat and radiation use efficiency
 Heat and radiation use efficiency of varieties under three dates of planting (Table 3.16) 
showed that both the heat use efficiency (HUE) and radiation use efficiency (RUE) vary 
with varietal differences as well as sowing dates. All the varieties transplanted late (20 Dec) 
achieved lowest HUE and RUE than the varieties transplanted earlier (30 Nov and 10 Dec). 
Some varieties achieved highest HUE or RUE under 30 Nov transplanting date while others 
in 10 Dec transplanting. Among the varieties, GW-273 recorded highest HUE (0.34) and RUE 
(1.54) averaged over all the three dates of transplanting and Ratan the lowest HUE (0.25) and 
RUE (1.14). In view of higher HUE and RUE achieved by cultivar GW-273, it may be more 
promising genotype in rice-wheat cropping system.
Table 3.16.  Heat and radiation use efficiency of wheat varieties under different sowing 
dates
Varieties Sowing dates HUE (g/m2/ °day) RUE (g/m2/MJ)
Sujata 30 Nov 0.28 1.27
10 Dec 0.32 1.46





 The crop-weather relationship in wheat was studied by exposing 12 varieties of wheat to 
two contrasting temperature regimes by sowing them on two sowing dates, viz., 20 Nov and 
20 Dec 2008.
Effect of temperature on yield and yield attributes
 Yield and yield attributes of 12 varieties under normal (20 Nov) and late (20 Dec) sowings 
along with associated thermal conditions (Table 3.17) brought out that yield as well as yield 
attributes of all the varieties under late sowing are comparatively lesser than those normal 
sowing.
Varieties Sowing dates HUE (g/m2/ °day) RUE (g/m2/MJ)
Kanchan 30 Nov 0.36 1.6
10 Dec 0.31 1.46
20 Dec 0.26 1.16
Mean 0.31 1.41
GW -273 30 Nov 0.42 1.88
10 Dec 0.35 1.59
20 Dec 0.26 1.16
Mean 0.34 1.54
Lok – 1  30 Nov 0.31 1.38
10 Dec 0.34 1.58
20 Dec 0.18 0.84
Mean 0.28 1.27
Ratan 30 Nov 0.29 1.31
10 Dec 0.26 1.2
20 Dec 0.2 0.92
Mean 0.25 1.14
Arpa 30 Nov 0.32 1.41
10 Dec 0.3 1.39




























































































































































































































































































































































































































































































 The reduced yield and yield attributes like plant height, 1000 grain weight 
and total dry matter in 30 days late sown crop varieties are not only due to higher 
average temperature during the growing period but also due to lower soil moisture 
during boot to milking stage of the crop (Fig.3.10. ).
Fig. 3.10. Soil moisture under normal and late sown crop at Ranchi
Heat use efficiency
 Heat use efficiency (HUE) of 12 varieties under normal and late sown conditions (Table 
3.18) showed that HUE of all the varieties under normal sowing is comparatively higher than 
HUE under late sown conditions, except K-8027. Among the varieties, Birsa G 3 exhibited 
highest HUE under early sowing and K-8027 and HUW-468 under late sowing. HW-2045 
showed lowest HUE under both early and late sowing conditions.








Birsa G 2 2.5 2.0










Influence of vapour pressure deficit on transpiration
 The transpiration data in wheat was collected periodically using steady state porometer 
in both irrigated and rainfed conditions in rabi 2008-09. Vapour pressure deficit (VPD) on the 
days of recording of transpiration were calculated with the help of hygroscopic tables. Relating 
transpiration data with VPD under rainfed and irrigated conditions (Fig.3.11) separately, it 
was observed that transpiration is significantly and positively related with VPD. The increase 
in transpiration with VPD was found to be more in rainfed (15.3 μmol s-1m-2) than in irrigated 
conditions. The reason for lower transpiration in irrigated conditions may be due to changed 
micro-climate due to irrigation and depression of VPD within the canopy.
Fig. 3.11. Relationship between transpiration and VPD (irrigated, rainfed and polled) at Jammu
Crop coefficients (Kc) of wheat
 In this study, potential evapotranspiration (reference vapotranspiration) were calculated 
for twelve seasons using FAO CROPWAT model. The corresponding actual evapotranspiration 
(ET) of wheat in 12 seasons was measured with the help of lysimeter.  Weekly average crop 
coefficient (Kc) values during crop growing period were worked out by dividing weekly ET 
with weekly ETo. The Kc values depicted in Fig(3.12). Showed that Kc values were low in the 
beginning (0.5 to 0.6) and increased with crop age to reach maximum of 1.64 at 10th week of 
crop. The crop coefficients were more than 1.0 from 4 to 19th week of crop and after 19th week 
of the crop, Kc values declined steeply to reach minimum (0.4) at 24th week.
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Fig.3.12. Crop coefficient of wheat crop at different weeks after sowing (Avg. of 12 seasons) at Jammu
Samastipur 
 To study the response of phenology, growth and yield of whet varieties to different micro-
environments, three varieties, HP-1761, HD-2733 and HUW-468 were sown on five different 
dates, viz., 15 Nov, 25 Nov, 5 Dec, 15 Dec and 25 Dec 2008. 
Effect of temperature on yield and yield attributes
 Yield and yield attributes of wheat varieties under five different thermal conditions (Table 
3.19) brought out that low temperature during both vegetative and reproductive periods 
favoured to get higher yield and yield attributes in wheat. The crop sown on 25 Dec recorded 
lowest yield due to highest temperature prevailed during its reproductive period and higher 
temperatures also experienced in vegetative period.
Table 3.19.  Effect of sowing dates on growth, yield attributes and grain yield of wheat 
varieties at Samastipur
Treatments









15.11.08 81.5 30.66 25.53 17.8 21.4
25.11.08 82.7 33.41 25.74 17.5 22.3
05.12.08 82.0 36.41 30.89 17.1 22.9
15.12.08 81.3 33.75 28.77 16.9 23.7
25.12.08 80.2 26.83 23.54 17.4 24.9
CD (P=0.05) NS 2.42 4.02
Variety 
HD 2824 86.9 33.33 32.67
HP 1761 81.3 30.80 26.18
HD 2733 82.6 36.60 29.09
HUW 468 75.5 28.13 25.60
CD (P=0.05) 2.4 2.17 3.59
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Performance of wheat under varied thermal environments
 To understand the performance of wheat in respect of number of tillers, days taken for 
flowering and maturity and yield, the sum of departures of daily temperatures from normals 
in each month of the whet growing season were calculated over last six years (Table 3.20).
Table 3.20.  Seasonal thermal environment during wheat growing season at Pusa
Season
Sum of deviations of temperature from normal (°C) Over the 
seasonNov Dec Jan Feb Mar
2003-04 4.00 10.00 -41.10 1.25 50.10 (+) 24.30
2004-05 9.55 20.20 13.10 34.75 48.35 (+) 125.90
2005-06 -15.45 3.10 -14.60 90.35 7.05 (+) 70.40
2006-07 -2.020 23.90 -30.60 -1.70 -71.20 (-) 81.80
2007-08 7.50 1.40 17.40 -40.55 14.20 (-) 2.90
2008-09 0.25 37.25 28.75 13.10 3.2 (+) 82.60
 
 From the table, it was observed that wheat growing season in the year 2004-05 was the 
warmest followed by wheat growing seasons in years 2005-06, 2008-09 and 2003-04. The rabi 
2006-07 has experienced coolest wheat season with cumulative temperature deviation of 
-81.8°C and the rabi 2007-08 was normal with temperature deviation of only -2.9°C.
Effect of temperature on tillering
 Tillering in wheat growing seasons with normal (2007-08), above normal (2008-09) and 
below normal (2006-07) temperature deviations (Table 3.21) showed that number of tillers 
per one meter row length were lowest 94.5 in warm growing season (28% reduction from the 
normal year) compared to normal or cooler growing season. Under normal sown conditions, 
the number of tillers was on par in normal and cooler growing seasons.
Table 3.21.  Effect of fluctuating seasonal temperature on tillering in wheat crop at Pusa
Sowing 
environment
Number of tillers/m row length
2006-07 2007-08 2008-09
Normal sown 131.6 131.3 94.5
Late sown 123.8 142.8 102.6




 Days taken for flowering in different years (Table 3.22) showed that the days taken for 
50 percent flowering were substantially reduced in the year (2004-05) with warmest growing 
season (72.2 and 63.2 days in normal and late sowing conditions) compared the days in the 
year (2007-08) with normal temperature conditions (82.2 and 76.6 days).





2003-04 2004-05 2005-06 2006-07 2007-08 2008-09
Normal sown 77.7 72.2 76.5 81.5 82.2 80.4
Late sown 67.3 63.2 65.7 74.1 76.6 71.2
Thermal condition (+) 24.30 (+) 125.90 (+) 70.40 (-) 81.80 (-) 2.90 (+) 82.60
Effect on maturity
 The days taken for maturity were 126 days in the year 2007-08 with normal temperature 
conditions and they were reduced to 120 days in the year 2004-05 with elevated temperature 
conditions during the growing season (Table 3.23).





2003-04 2004-05 2005-06 2006-07 2007-08 2008-09
Timely sown 121 120 119 131 126 128
Late sown 100 100 102 112 114 112
Thermal condition (+) 24.30 (+) 125.90 (+) 70.40 (-) 81.80 (-) 2.90 (+) 82.60
Effect on grain yield
 Grain yield of wheat in years with abnormal temperatures and their comparison with 
yield in normal year (Table 3.24) brought out that the wheat yield under both normal and late 
sown conditions in all warmer and cooler years were significantly lesser than the yield in the 
year 2007-08 with normal temperature regime during the growing season.




2003-04 2004-05 2005-06 2006-07 2007-08 2008-09
Timely sown 29.5 29.9 32.4 35.7 42.3 27.3
Late sown 18.5 19.2 22.8 23.4 31.4 26.2
Thermal condition (+) 24.30 (+) 125.90 (+) 70.40 (-) 81.80 (-) 2.90 (+) 82.60
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Effect of higher temperature on yield under various sowing dates and varieties
 The comparison of yield of four wheat varieties under five sowing dates in rabi 2008-
09 experiencing higher temperature condition with previous year 2007-08 having normal 
temperature conditions (Table 3.25) brought out that yield in 2008-09 in all the varieties and 
dates of sowing were substantially lower than the yield of respective varieties and sowing 
dates in year 2007-08. Among the varieties, highest percentage of yield reduction was observed 
in variety HP-1761 (28.6%) and lowest in HD-2733. It can be concluded from the study that 
HD-2733 can perform well under above normal temperature conditions.
Table 3.25.   Elevated thermal situation vis-a-vis grain yields of wheat crop at Samastipur
Treatments
Grain Yield (q/ha) Percent decrease in  
yield2007-08 (-2.9) 2008-09 (+82.6)
Sowing dates
15 Nov - 25.5 -
25 Nov 44.2 25.7 41.8
05 Dec 40.4 30.9 23.5
15 Dec 33.3 28.8 13.5
25 Dec 29.5 23.5 20.3
Varieties
HD 2824 40.9 32.7 20.0
HP 1761 36.7 26.2 28.6
HD 2733 34.9 29.0 16.9
HUW 468 34.8 25.6 26.6
Udaipur
 To study the effect of temperature on phenology and productivity of wheat, variety 
Raj-3077 was subjected different micro-environments by transplanting the crop on four 
dates, 8 Nov, 19 Nov, 4 Dec and 19 Dec 2008 and also subjecting the crop to four different 
irrigation levels (I1 to I4). In I1, three irrigations, on each at CRI, late jointing and milking; I2 - 
four irrigations, one each at CRI, late jointing, flowering and milking; I3 - five irrigations, one 
each at CRI, tillering, late jointing, flowering and milking;  I4 – six irrigations, one each at CRI, 
tillering, late jointing, flowering, milking and dough stage were applied.
Effect of temperature on yield
 On the basis of analysis with two years pooled data in relation to weather conditions 
(Fig.3.13), it was observed that higher grain yield of wheat could be achieved when crop 
experienced average temperature of 17.5 to 19°C during its reproductive period.  The increase 
in temperature above this limit during reproductive period caused drastic reduction in 




Fig.3.13. Effect of mean temperature on wheat yield at Udaipur
Effect of temperature on phenological stages
Emergence
 The following regressive equation between days taken for emergence of seedlings and 
mean temperature during sowing to emergence showed that days taken for emergence are 
inversely related to mean temperature, higher the air temperature during this stage, lesser the 
time taken for emergence and vice versa.
 Y = 10.0 – 0.23 X R2 = 0.63
 
Vegetative phase
 The vegetative phase, i.e., the period from sowing to heading of wheat showed negative 
relationship with average temperature during sowing to heading (Fig.3.14). Increase in average 
temperature by 1°C resulted in reduction of vegetative period by about 3 days.


















 The duration of reproductive period, i.e., the period between heading and maturity showed 
highly significant negative relationship with average temperature during reproductive period 
(Fig.3.15). An increase in average temperature by 1°C during reproductive period curtailed 
the duration of reproductive period by 4.6 days.
Fig.3.15.  Reproductive phase of wheat during 2008-09 at Udaipur
Evapotranspsiration of wheat
 Daily Evapotranspiration of wheat cv Raj-307 sown on 19 Nov 2008 was recorded with the 
help of weighing type lysimeter. Evapotranspiration losses of wheat during rabi 2008-09 were 
369.5 mm as against 325.9 mm of open pan evaporation with a crop coefficient of 1.13 over 
the total growing period (Table 3.26). The crop coefficient was more than one continuously 
during tillering to dough stages. The crop water requirement was high (> 90 mm) during 
heading to dough stages.
Table 3.26. Pattern of ETC, ET0 and KC during different phenological stages of wheat 
variety Raj-3077 (2008-09) at Udaipur
Phenological stages ETC (mm) crop ET0 (mm) Crop coefficient (KC) Duration
Emergence 12.0 15.7 0.76 6
CRI 36.7 40.2 0.91 21
Tillering 25.2 20.8 1.21 30
Heading 90.6 58.4 1.55 58
Milking 99.0 61.1 1.62 80
Dough 120.0 118.4 1.01 107
Maturity 34.7 67.1 0.52 119









 To study crop-weather relationship in mustard, ten varieties comprising five varieties of 
Brassica juncea, viz., Laxmi, RH-30, Varuna, RH-819 and Kranti and five varieties of Brassica 
napus, GSL-1, HNS-501, HNS-0004, HNS-0403 and HNS-0401 were exposed to different sets of 
weather conditions by sowing them on three dates, viz., 15 Oct, 27 Oct and 10 Nov 2008.
Radiation characters in crop canopy
 The photosynthetically active radiation transmitted, reflected and absorbed at different 
stages by 10 different varieties and under three dates of sowing (Table. 3.27) showed that 
transmitted PAR increased and absorbed PAR decreased with delay in sowing at all the growth 
stages. The percent transmitted PAR was less and absorbed PAR was high at 90 days of crop 
compared to other growth stages. Among the varieties of Brassica juncea, Varuna transmitted 
highest PAR and absorbed lowest PAR while Kranti transmitted lesser percentage of PAR and 
absorbed highest percentage of PAR at all the three stages of the crop. However, in Brassica 
napus varieties, varieties with highest percentage of absorbed PAR or lowest transmitted PAR 
differed in different growth stages. Absorbed PAR (%) was higher in early sown crop at all the 
growth stages compared to the late sown crop.
Table 3.27.  Optical characteristics (%) of Brassica cultivars at various growth intervals 
under different sowing environments at Hisar
Treatments
50 DAS 90 DAS PM
TPAR RPAR APAR TPAR RPAR APAR TPAR RPAR APAR
15 Oct 4.3 5.3 90.3 1.5 6.0 92.1 6.3 5.4 88.3
27 Oct 15.2 5.0 79.7 3.1 4.9 91.8 9.5 6.5 84.0
10 Nov 29.6 2.5 67.8 4.1 6.7 89.9 12.4 8.9 78.7
Laxmi 10.7 5.7 83.6 3.5 6.1 90.5 8.9 6.6 84.5
RH-30 7.1 3.4 89.4 3.1 5.5 91.3 9.3 6.5 84.2
Varuna 13.8 3.6 82.6 4.2 6.4 89.5 11.9 6.2 81.8
RH-819 7.9 3.3 88.8 2.9 5.6 91.6 9.3 7.3 83.5
Kranti 6.3 3.7 90.1 1.5 5.9 92.6 8.6 5.9 85.4
GSL-1 26.7 8.4 64.8 1.7 3.7 94.7 10.5 6.5 82.9
HNS-501 18.1 5.4 76.5 5.0 5.4 89.6 11.5 7.2 81.3
HNS-0004 23.1 3.1 73.9 2.7 6.4 90.8 10.2 7.5 82.3
HNS-0403 25.9 2.6 71.5 2.0 7.3 90.7 5.8 7.8 86.3
HNS-0401 24.6 3.7 71.7 2.4 6.2 91.4 7.5 7.9 84.6
TPAR, RPAR and APR are PAR transmitter, reflected and absorbed, respectively
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Radiation Use Efficiency (RUE)
 The phenophase-wise variations in RUE of Brassica cultivars under different sowing 
environments (Table 3.28) revealed that the crop sown on 15 Oct was most efficient in utilization 
of PAR in comparison with crop sown on other two dates. Among B. juncea varieties, RH-30 
recorded higher RUE followed by Kranti at all stages except at completion of flowering stage, 
where both RH-30 and Kranti were at par. Among B. napus genotypes, HNS-0004 efficiently 
utilized PAR at all the phenophases. The highest RUE in the early sown crop was due to the 
maximum PAR absorption and dry matter production, both of which subsequently decreased 
with delayed sowing.
Table 3.28. Radiation use efficiency of Brassica cultivars at various phenophases under 
different sowing environments at Hisar








15 Oct 4.26 5.03 4.19
27 Oct 3.32 3.98 3.36
10 Nov 2.78 2.29 2.99
CD at 5% 0.07 0.12 0.05
SE(d) of D 0.023 0.044 0.019
Laxmi 3.50 3.60 3.29
RH-30 3.77 3.74 3.47
Varuna 3.18 3.41 3.04
RH-819 3.18 3.16 2.72
Kranti 3.62 3.74 3.38
GSL-1 2.40 3.16 2.92
HNS-501 3.72 3.94 3.54
HNS-0004 4.66 4.38 4.06
HNS-0403 2.59 3.81 3.57
HNS-0401 3.89 4.24 3.64
CD at 5% 0.06 0.05 0.03




 Like RUE, thermal use efficiency (TUE) was also highest in early sown crop and lowest 
in late sown crop at all the stages of the crop (Table 3.29).
Table 3.29. Thermal use efficiency of Brassica cultivars at various phenophases under 
different sowing environments at Hisar
Treatments Thermal use efficiency (g/m²/°C day)
50% Flowering Completion of flowering Physiological maturity
15 Oct 1.66 1.64 1.62
27 Oct 1.49 1.34 1.36
10 Nov 1.14 0.84 1.32
CD at 5% 0.03 0.04 0.02
SE(d) of D 0.009 0.013 0.006
Laxmi 1.67 1.14 1.27
RH-30 1.42 1.64 1.89
Varuna 1.70 1.43 1.43
RH-819 1.68 1.14 1.35
Kranti 1.58 1.35 1.58
GSL-1 0.81 0.96 1.06
HNS-501 1.55 1.25 1.43
HNS-0004 1.78 1.32 1.57
HNS-0403 0.84 1.12 1.34
HNS-0401 1.25 1.32 1.43
CD at 5% 0.02 0.02 0.01
SE(d) of V 0.011 0.008 0.007
 Among the B. juncea varieties, highest TUE in 50 percent flowering was achieved by RH-
819 whereas highest TUE in complete flowering and physiological stages was achieved by 
RH-30. Among the B. napus, HNS-0004 had significantly higher TUE than other varieties at 50 
percent flowering and physiological maturity stages and on par with HNS-0401 at complete 
flowering stage.
Energy balance
 The partitioning of net radiation (Rn) into different energy balance components, i.e., 
latent heat flux (LE), sensible heat flux (A) and soil heat flux (G) in two brassica species B. 
juncea (RH-30) and B. napus (HNS-0401) sown under three dates of sowing showed that about 
61 to 81 percent of net radiation (Rn) was used for latent heat of vaporization (LE) by different 
varieties under different sowing dates. The fraction of Rn to sensible heat flux (A) was lesser 
than LE irrespective of the sowing dates and date of observation. Among the varieties, RH-
30 being denser, greener and more erect compared to HNS-0401 used higher fraction of Rn 
towards LE, as compared to HNS-0401.
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Influence of weather on yield and other crop parameters
 The correlation coefficients of agrometeorological parameters at different phenophases 
with yield and other crop parameters (Table 3.30) revealed that maximum and minimum 
temperatures at 50 percent flowering stage had significant positive correlation with leaf 
area index, seed and biological yield and oil content. However, maximum and minimum 
temperature during 100 percent flowering and physiological maturity showed significant 
negative correlation with LAI, oil content, seed and biological yield, except oil content 
at physiological maturity. Sunshine hours at 50 percent flowering had significant positive 
correlation with LAI, seed yield, biological yield and oil content, but sunshine hours at 100 
percent flowering stage showed significant negative correlation with these crop parameters. 
Sunshine hours at physiological maturity could show negative correlation with leaf area index 
only.























LAI 0.49 ** 0.48 ** 0.49 ** -0.54 ** -0.53 ** -0.53 ** -0.58 ** -0.50 ** -0.51 **
Seed yield 
(q/ha)
0.88 ** 0.88 ** 0.88 ** -0.79 ** -0.83 ** -0.81 ** -0.59 ** -0.68 ** -0.06
Biological 
yield (q/ha)
0.87 ** 0.87 ** 0.86 ** -0.66 ** -0.77 ** -0.68 ** -0.44 * -0.58 ** 0.13
Oil content 
(%)
0.50 ** 0.48 ** 0.44* -0.32 -0.48 ** -0.22 -0.06 -0.11 0.04
When n=30; ‘r’ at 5%=0.36                     ‘r’ at 1%=0.46
Ludhiana
Influence of temperature on yield
 Seed yield of three varieties, PBR-91, GSL-1 and Hyolla, grown under three different 
thermal regimes (planting dates: 31 Oct, 14 Nov and 28 Nov) were related with temperature 
during vegetative and reproductive periods of the crop. Yield showed highly significant 
positive and negative relationships with temperature during vegetative and reproductive 
period, respectively (Fig. 3.16). However, the adverse relationship of yield with temperature 
at reproductive period was more significant than the positive relationship with temperature 
during vegetative period. Unit increase in temperature during reproductive period decreased 
yield by 114 kg/ha.
Annual Report 2009
93
Fig.3.16. Seed yield of mustard versus temperature at Ludhiana
Palampur
 To study the crop-weather relationship in mustard, three genotypes HPN-1, HPN-3 and 
Hyola-401 were grown under three different environments, i.e., under three dates of sowing, 
viz., 24 Oct, 11 Nov and 25 Nov 2008. The yield data of three varieties over three dates of 
sowing were related with temperature during vegetative and reproductive periods (Fig.3.17). 
The results brought out that temperature during vegetative positively influenced the yield 
while temperature during reproductive period adversely affected the yield. The adverse effect 
of temperature during reproductive period on yield was slightly less significant than the 
positive effect during vegetative period. A unit increase in temperature during reproductive 
period reduced the yield by 468 kg/ha.




Evapotranspiration during crop growing period
 To determine weekly evapotranspiration and consumptive use of moisture during the 
crop growing period, mustard crop was sown on 26th Oct 2008 in both experimental field 
and lysimeter. Consumptive use of moisture was worked out to be 190 mm during the total 
crop growing period. The plot of weekly average evapotranspiration (mm per day) along 
with weekly total rainfall (cm) (Fig.318) showed that ET was maximum (2.3 mm/day) at seed 
formation stage. After seed formation stage (7 SMW), ET started declining. The weekly ET 
during the crop season was closely related to the amount of rainfall received during the same 
week or previous weeks.
Fig. 3.18.  Evapotranspiration and consumptive use of moisture during the crop growing 
period, at Rakh Dhiansar
Udaipur
 To study the effect of weather on growth and yield of mustard, cv Bio-902 was subjected 
to different micro-environments by sowing the crop on four different dates, viz., 5 Oct, 20 Oct, 
4 Nov and 19 Nov 2008 and applying three different levels of irrigation. The three irrigation 
levels are at 30 days after sowing (I1), 30 and 55 days after sowing (I2) and 30, 55 and 75 days 
after sowing (I3).
Effect of temperature on yield
Correlations
 Seed yield of mustard showed positive relationship with maximum, minimum and 
average temperature during all the stages upto 90th day of the crop and it showed significant 




Table 3.31.  Correlation coefficient between seed yield and temperatures at different growth 


















Maximum 0.987 0.619 0.811 0.859 0.264 -0.335 -0.989 -0.856
Minimum 0.933 0.331 0.749 0.262 0.676 -0.552 -0.799 -0.316
Mean 0.973 0.499 0.799 0.687 0.485 -0.271 -0.991 -0.666
 Plotting seed yield against the average temperature during 90-105 days in all four dates 
of sowing under assured irrigation (Fig.3.19 ) revealed that increase in temperature by 5.4°C 
during 90-105 days of crop reduced the yield by 1260 kg/ha.
Fig.3.19. Relationship between mean temperature and mustard seed yield at Udaipur
 The following regression equation developed between yields under moisture stress 
free conditions (with three irrigations) and temperature during 90-105 days brought out 
that increase in temperature by 1°C during 90-105 days can cause reduction in seed yield of 
mustard by 392 kg/ha.
 Y = - 391.8 X + 2817  R2 = 0.91
Where   Y = Seed yield (kg/ha) and  X = Average temperature (0C) during 90-105 days
Temperature and dry matter
 Regression equations were developed between accumulation of dry matter / plant (g) at 
75 days after sowing (DAS) and maximum (X1) and minimum (X2) temperatures during 60-75 
DAS.  These equations under different irrigation conditions are:
No. irrigation  : Y = 1.3 + 1.01 x1 – 0.85 x2   R2 = 0.53
One irrigation  :  Y = 0.37 + 1.24 x1 – 0.91 x2   R2 = 0.83
Two irrigation : Y = 1.7 + 0.99 x1 – 0.21 x2   R2 = 0.45
Three irrigation  : Y = 5.2 + 0.69 x1 + 0.18 x2   R2 = 0.41
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 From the above relations, it can be noted that under no or low irrigation conditions, 
minimum temperature adversely affected dry matter but under high irrigation conditions it 
showed positive affect on dry matter. The maximum temperature, however, was influenced 
dry matter positively under all the irrigation levels.
Rabi SORGHUM
Bijapur
 The effect of weather variables on growth and yield of sorghum cv M 35-1 has been 
studied for the last four years. Analysis of the pooled yield data over the years 2005-06 to 2008-
09 in relation to weather parameters during different phenological stages of the crop was done 
(Table 3.32). The results showed that weather parameters during primordial initiation (PI) 
stage influenced the grain yield of rabi sorghum. At panicle initiation stage, relative humidity 
and rainfall showed positive relationship with yield while temperature range and bright 
sunshine hours showed negative relationship. Rainfall during flowering and grain filling 
stages showed negative effect on yield.
Table 3.32. Correlation coefficient between meteorological variables in crop growth stages 
and grain yield of rabi sorghum at Bijapur
 
















MaxT 0.15 0.03 -0.41 -0.24 -0.22 0.01 -0.18 -0.33
MinT 0.39 0.29 0.49 0.14 -0.11 -0.10 -0.26 -0.45
RH1 0.03 0.06 0.69 0.44 0.34 0.12 0.06 0.18
RH2 -0.01 0.23 0.68 0.31 0.03 -0.14 -0.15 0.16
TR -0.14 -0.28 -0.66 -0.20 0.06 0.11 0.18 0.09
RHR 0.04 -0.39 -0.34 -0.01 0.31 0.35 0.29 0.10
CBSS -0.09 -0.38 -0.65 0.07 -0.06 0.36 0.21 -0.05
RF -0.17 -0.23 0.52 0.23 -0.15 -0.56 -0.56 -
 Regression equations relating sorghum grain yield with diurnal temperature range and 
afternoon relative humidity during primordial initiation stage, showed highly significant 
negative and positive relationship with yield, respectively (Fig.3.20). 
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Fig.3.20.   Influence of diurnal temperature range and afternoon relative humidity during 


















0-30 cms 30-60 cms 60-75 cms
 The following multiple regression equation was developed using both diurnal temperature 
range and afternoon relative humidity during primordial initiation stage as independent 
variables.
 Y = 776 + 22.2 RH2– 36.7 TR     R2 = 0.49
Micrometeorological observations
Soil moisture profiles
 Soil moisture profiles of different layers 0-30, 30-60 and 60-75 cm depth (Fig.3.21) indicated 
that extraction of soil moisture by sorghum crop during grain filling to maturity stages was 
mostly from deeper layers of 60-75 cm depth.
Fig.3.21. Soil moisture profiles at different soil depths at different phenological stages in 




 The soil temperature (10 cm depth) at different times of a day and their average is nearly 
constant (27.5 to 28.5°C) from vegetative to grain filling stage. It increases rapidly by more 
than four degrees during seed hardening stage (Fig.3.22). The higher slope of soil temperature 
increase is indicative of greater soil moisture depletion or extraction and energy translocation 
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Fig.3.22. Soil temperature at different times of day and different phenological stages during 
the growing period of rabi sorghum at Bijapur
Net radiation profiles
 The net radiation measured over sorghum canopy during crop growing season showed 
sharp decrease in net radiation from grain filling to seed hardening stage may be due to 


























 To assess the impact of weather conditions on grain and fodder yield of rabi sorghum, 
the crop cv M-35-1 was exposed to four sets of weather conditions by cultivating them under 
four dates of sowing, viz., 14 Sept (early), 29 Sept (normal), 13 Oct (late) and 27 Oct (very late) 
2008. Similar experiments were conducted since the year 1996-97. Pooled analysis of grain 
yield over 13 years in relation to different weather parameters during various phenological 
stages brought out that boot stage is the most critical stage as all the weather parameters 
except maximum temperature has shown significant correlation with grain yield (Table 
3.33). At this, stage, rainfall, rainy days, minimum and mean temperature showed highly 
significant positive relationship with yield while bright sunshine hours showed significant 
negative relation with yield. Relative humidity (morning, afternoon and mean) at both boot 
and flowering stages showed significant positive relationship with yield.  Similar results were 
obtained with fodder yield also.
Table 3.33. Correlation coefficient between weather variables and grain yield of rabi 













RF 0.39** -0.24 -0.16 -0.20 0.12 0.14
RD 0.37** -0.25 -0.21 -0.12 0.10 0.04
TMax 0.25 -0.04 -0.07 -0.06 -0.24 -0.04
TMin 0.33** -0.19 -0.15 -0.18 -0.17 -0.04
TMean 0.35** -0.15 -0.15 -0.18 -0.19 -0.06
RHI 0.31** 0.39** 0.13 0.14 0.20 0.23
RHII 0.298* 0.26* 0.17 -0.05 0.03 0.16
RHmean 0.36** 0.42** 0.18 0.08 0.14 0.22
BSS -0.26* -0.07 -0.07 -0.12 -0.14 -0.13
* Significant at 5 % level  **  Significant at 1 % level
Solapur
 To assess the effect of weather on yield of rabi sorghum, three varieties, viz., M 35-1, 




Radiation and moisture use efficiency
 Radiation use efficiency (RUE) and moisture use efficiency (MUE) in respect of three 
varieties under four dates of sowing (Table 3.34), RUE was highest in 1 Oct sown crop varieties 
and MUE was highest in 17 Oct sown crop varieties.  Yield of the varieties were highest in 1 
Oct sowing due to highest RUE achieved by the varieties in this date of sowing. Yield is not 
reflected in the moisture use efficiency of varieties or sowing dates.









11 Sept 2008 M 35-1 3.10 1.45 443
Mauli 2.92 3.44 355
Yashoda 3.17 4.66 446
22 Sept 2008 M 35-1 2.92 1.21 1029
Mauli 2.87 5.19 989
Yashoda 3.17 2.58 1396
1 Oct 2008 M 35-1 3.21 1.63 1456
Mauli 3.12 5.78 1492
Yashoda 3.28 1.99 1574
17 Oct 2008 M 35-1 2.87 3.85 817
Mauli 2.91 6.24 574
Yashoda 2.90 2.94 814
RADISH
Dapoli
 To study the effect of radiation intensity on radish, it was sown on eleven different dates at 
15 days interval, starting from 15th Nov 2008 onwards under four different sunlight intensities. 
The four sunlight intensities are 100 percent sunlight intensity or open (S1), 25 percent lesser 
light intensity (S2), 50 percent lesser light intensity (S3) and 75 percent lesser light intensity (S4). 
The yield under different dates of sowing and sunlight intensity levels (Table 3.35) indicated 
that reduction in sunlight intensity significantly influenced the yield of radish under all the 
dates of sowing and seasons. The crop sown in open field recorded lowest yield under all the 
dates of sowing.  The crop sown under shade having 25 percent reduction in sunlight recorded 
significantly highest yield (3750 kg/ha) compared to open, 75 percent reduction in sunlight 
but on par with 50 percent reduction in radiation treatment under all the dates of sowing.
Annual Report 2009
101
Table 3.35.  Mean yield of radish (kg/ha) as influenced by different treatments during 
2008-09 at Dapoli
Sowing date
Reduction in sunlight intensity
Mean
S1 – Open S2 – 25% S3 – 50% S4 – 75%
D1 – 15 Nov 3352 4211 3435 3891 3722
D2 - 30 Nov 3434 3876 3979 3083 3593
D3 - 15 Dec 2819 4228 4052 3160 3565
D4 - 30 Dec 3348 4302 4140 4140 3982
D5 - 15 Jan 3435 4390 3964 3523 3828
D6 - 30 Jan 2430 3523 3699 2818 3117
D7 - 15 Feb 2731 4052 3699 2998 3370
D8 - 3 Mar 2290 4066 3523 3611 3372
D9 - 15 Mar 2642 3494 3347 3347 3207
D10 - 30 Mar 3170 2818 3171 3259 3104
D11 – 15 Apr 2642 2290 3259 2819 2752
Mean (over 15 Nov-15 April) 2935 3750 3661 3331 3419
Mean (over 15 Feb-15 April) 
(Summer)
2695 3344 3400 3207
Mean over winter 
(15 Nov-30 June)
3136 4088 3878 3436
Sunlight intensity Sowing dates Interaction (S x D)






056 157 093 261 1.85 522
 In winter sowings, under S2 (25% reduction in sunlight intensity) treatment highest 
yield was recorded followed by S3 treatment. However, in summer season sown crop, S3 
treatment recorded highest yield followed by S2. It is advisable to sow the crop in winter, as 
the winter sown crop recorded significantly higher yield compared to summer sown crop 
under all the sunlight intensity conditions. The crop sown on 15th Jan under 25 percent lesser 
sunlight intensity recorded highest yield compared to other combinations of dates of sowing 
and sunlight intensities. It can be inferred from the experimental results that for recording 






 Water balance in mango orchard was worked out to know the influence of soil moisture 
on vegetative growth, flowering, fruiting and water requirement of different hybrids in 
mango orchard during August 2008 to February 2009 at Bangalore. Actual water used (E4) 
by varieties Malika, Arka Anmol, Alphonso and Baneshan during 32nd SMW (August) to 9th 
SMW (February) presented in the Fig.3.24,  showed that Alphonso used highest amount of 
water (408 mm) followed by Malika (401 mm), Baneshan (393 mm) and Arka Anmol (390 mm) 
in decreasing order. Water use of all the varieties was highest in August and September and 
lowest in January and February months.
Fig.3.24.  Monthly water use of different Mango varieties at Bangalore
Dapoli
 Analysis of phenophase of mango, viz., weeks of appearance of vegetative, reproductive 
flush and harvest in relation to weather parameters during the respective phenophases over 
the years (1977-2009) brought out that (Table 3.36) minimum temperature and rainfall showed 
significant adverse relationship with appearance of both vegetative and reproductive flushes. 
It appears that high rainfall and high minimum temperature advanced the occurrence of both 
these phases.  Maximum temperature and number of bright sunshine hours, however, showed 
positive relationship with weeks of appearance of reproductive flush.  In case of harvest phase, 
minimum temperature showed significant positive relationship.
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 Multiple regression equation developed relating phenophases with different weather 
parameters (Table 3.37) showed that prediction of week of appearance of vegetative flush-
based on minimum number of weather parameters, i.e., Tmin, RH1 and rainfall is more 
reliable with highest coefficient of determination 0.99. Weather parameters could explain only 
43 percent of variation in harvesting date.
Table 3.36. Correlation coefficients relating phenophase of mango with weather parameters 
at Dapoli
Phenophase Tmax Tmin RH1 BSS Rain
Vegetative flush 0.46 -0.67* -0.11 0.49 -0.72**
Reproductive flush 0.87** -0.89** -0.16 0.73** -0.76**
Harvest 0.19 0.83** -0.47 0.43 -
* and ** Significant at 0.05 and 0.01 P-level, respectively.
Amaranthus
Dapoli
 To study the effect of radiation intensity on amaranthus yield, the crop was sown on 
eleven dates at 15 days interval, starting from 15th Nov 2008 to 5 April 2009 under four 
different radiation intensities, viz., 100 percent light intensity or open (S1), 25 percent lesser 
radiation (S2), 50 percent lesser radiation (S3) and 75 percent lesser radiation (S4). The yield 
under different dates of sowing and radiation intensities (Table 3.38) showed that yield 
averaged over all the sowing dates was highest under S2 (25% lesser sunlight) and on par 
with yield in open conditions but significantly higher than 50 and 75 percent lesser sunlight 
(S3 and S4) treatments.  In winter and summer sown crop also, yield under open and 25 percent 
reduced sunlight intensity were on par and significantly higher than S3 and S4 treatments. 
Under all the light intensity treatments, crop sown in winter season produced higher yield 
than the crop sown in summer season. The crop sown on 30th Dec under 25 percent reduced 
radiation intensity produced highest yield among all the combinations of sowing dates and 
light intensity.
Table 3.37.  Regression equations for different phenophases in mango at Dapoli
Regression equation R2
Week of vegetative flush (Y) = -135.3-1.69*Tmin+2.21*RH I-0.03* Rain 0.99
Reproductive flush (Y) = 9.7+1.80*Tmax-0.93*Tmin-0.61*BSS - 0.05*Rain 0.71
Panicle emergence (Y) =  42.5*Tmax - 22.60*Tmin + 1.72*RHI – 6.91*RHII      
                                             + 45.12*WS – 0.47*BSS - 771.9
0.77
Harvesting date (Y) = 96.99+ 10.18*Tmax-4.12*RHI 0.43
Tmax, Tmin, RH1, BSS and rain are maximum temperature, minimum temperature, morning relative humidity, 
number of bright sunshine hours and rainfall, respectively.
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Table 3.38.  Mean yield of amaranthus (kg/ha) as influenced by different treatments during 
2008-09 at Dapoli
Sowing date
Reduction in sunlight intensity
Mean
S1 – Open S2 – 25% S3 – 50% S4 – 75%
D1 - 15 Nov 2008 1850 2026 1409 1409 1673
D2 - 30 Nov 2008 1233 1286 1409 1502 1357
D3 - 15 Dec 2008 1233 0985 1233 1057 1127
D4 - 30 Dec 2008 1233 1585 1145 1321 1321
D5 - 15 Jan 2008 1321 1168 1139 1145 1193
D6 - 30 Jan 2008 1145 1233 0969 0704 1013
D7 - 15 Feb 2008 1233 1321 1233 1043 1208
D8 - 3 Mar 2009 1233 1157 0881 1145 1104
D9 - 15 Mar 2009 1321 1233 1233 0969 1189
D10 - 30 Mar 2009 1057 1057 0881 1145 1035
D11 - 15 Apr 1233 1321 1145 1497 1299
Mean (overall period) 1281 1310 1153 1176 1229
Mean (over summer) 1215 1218 1075 1160
Mean over winter 1336 1385 1224 1204
Sunlight intensity Sowing dates Interaction (S x D)
SE± C.D. at 5% SE± C.D. at 5% SE± C.D. at 5%
0.42 1.19 0.70 1.98 1.41 NS
POTATO
Hisar
 To quantify the effect of weather variations on yield of potato, two varieties of crop, 
viz., Kufri Bahar and Kufri Badhsah were grown under four varying environments made 
possible through four different dates of sowings on 7, 18 and 31 Oct and 11 Nov 2008. By 
relating tuber yield and yield attributes with weather parameters during crop growing period 
(Table 3.39), it was observed that maximum and minimum temperatures correlated positively 
and significantly with tuber and haulm yield and also with tuber weight and harvest index. 
However, rainfall showed significant negative relationship with all these yield and yield 
attributes as high humid conditions increased the disease intensity thereby affecting the yield. 
Like maximum and minimum temperatures, number of bright sunshine hours also showed 
significant positive relationship with these four yield parameters. The number of tubers per 
plant showed significant positive relationship with rainfall and negative relationship with 
number of sunshine hours, maximum and minimum temperature.
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Table 3.39.  Correlation coefficients between weather parameters and yield of potato at 












Tmax -0.87** 0.95** 0.96** 0.99** 0.97**
Tmin -0.82** 0.95** 0.95** 0.97** 0.96**
BSS -0.89** 0.64** 0.69** 0.74** 0.73**
Rainfall 0.78** -0.76** -0.79** -0.87** -0.83**
* - Significant at 5% level, ** - Significant at 1% level
Tmax = maximum temperature, Tmin= minimum temperature, BSS= bright sunshine hours
Jorhat
 To study crop-weather interactions in potato crop, three varieties, viz., Kufri Megha, 
Kufri Giriraj and Kufri Jyoti were grown under three micro-climatic regimes created through 
three staggered dates of sowing.  By relating tuber yield of potato with average meteorological 
parameters during different phenological stages, it was observed that soil temperature (15 
cm depth) at stolon formation stage and sunshine hours at maturity stage are positively and 
significantly related with tuber yield (Fig.3.25.). All the accumulated agroclimatic indices, 
i.e., accumulated growing degree days (AGDD), accumulated photo-thermal units (APTU), 
accumulated bright sunshine hours (ABSH) and accumulated mean temperature (AMET) 
during tuber formation stage adversely affected the tuber yield. 
Fig.3.25. Influence of soil temperature and sunshine on tuber yield of potato at Jorhat
Mohanpur
 Potato cv Kufri Jyoti was exposed to five different thermal and moisture regimes by 
planting it on five dates (at weekly intervals) starting from 6 Nov to 4 Dec 2008 to study crop-
weather interactions. Analyzing tuber yield and tuber numbers in relation to temperature 
during two phenological stages (Table 3.40), it was observed that higher temperature during 
emergence to tuberization and lower temperature during tuberization to maturity are optimum 
conditions for achieving higher tuber yield as well as number of tubers per plant.
Y = 9.28MST2 - 36.88 (R2 = 0.527)
Stolon formation stage




Table 3.40.  Yield and yield attributes of potato along with temperature during rabi 2008 at 
Mohanpur








6 Nov 2008 27.2 6.9 23.4 20.5
13 Nov 2008 26.4 4.9 22.2 20.5
20 Nov 2008 26.0 4.7 19.1 21.1
27 Nov 2008 23.1 4.5 18.1 21.5
6 Dec 2008 23.1 5.7 19.0 22.7
MAIZE
Kovilpatti
Effect of weather on yield and yield attributes
 Yield and yield attributes of maize cultivated under four micro-environments, viz., 39, 40, 
41 and 42 SMWs of 2008 (dates of sowing) revealed that growth parameters, yield and yield 
attributes were high in the 41st SMW (sown with week of onset of northeast monsoon) sown 
crop than either delayed or early sown crop (Table 3.41). Higher growth parameters, yield and 
yield attributes were recorded in the crop grown with onset of northeast monsoon season due 
to optimum rainfall and minimum temperature experienced during its growth period than 
under the crop raised before or later than one week of onset of monsoon. The late sown crop 
(42nd week) registered lowest yield and yield attributes due to lower rainfall (315 mm) and 
average minimum temperature (21.4°C) during its growing period.

























39 SMW 196 4.83 9102 17.5 13.7 31.3 6016 3588 472 21.7
40 SMW 198 4.85 9208 17.1 14.0 30.8 5519 3349 472 21.8
41 SMW 203 4.92 9242 17.4 14.2 32.8 5842 3791 449 21.6
42 SMW 177 4.71 8675 16.2 13.9 29.5 5394 3022 315 21.4
SEd 4.83 0.05 232.0 0.36 0.35 0.68 96.8 74.5




 To study the crop-weather relationship in rabi maize, four varieties Shaktiman-4, 900 M 
Gold, Shaktiman-3 and Pinnacle were sown on four different dates, i.e., 31 Oct, 10 Nov, 20 
Nov and 30 Nov 2008.
Effect of temperature on yield and yield attributes
 Yield of maize under four different dates in association with temperature during different 
phenological stages (Table 3.42) showed that temperature of 27.5°C during reproductive period 
and warmer conditions throughout the growing period of the crop are optimum conditions 
for achieving higher yield. The crop sown on 31 Oct recorded lowest yield (5892 kg/ha) due to 
prevalence of cooler temperatures at all important phenological stages than in the crop sown 
on later dates.
























31 Oct 10.9-26.2 12.2-27.6 16.1-32.5 23.4 5892 365 14.8 140
10 Oct 14.0-31.2 13.1-30.5 18.9-35.2 26.9 7323 397 16.6 154
20 Nov 14.8-27.9 17.2-33.2 20.5-36.6 27.5 7818 478 17.5 180
30 Nov 17.7-33.0 18.2-33.4 21.6-36.9 28.7 7689 519 17.2 193
SAFFLOWER
Solapur
 Crop-weather relationship in safflower was studied by exposing two varieties, Phule 
Kusuma (V1) and SSF-702 (V2) to four different sets of weather conditions by sowing the crop 
on four dates of sowing, viz., 11 Sept, 26 Sept, 11 Oct and 22 Oct 2008.
Radiation use efficiency (RUE)
 Radiation use efficiency at different fortnights during the growing period of varieties 
under four dates of sowing (Table 3.43) revealed that highest RUE in all varieties and dates of 
sowing was achieved during 10-12 weeks of the corp. The variety Kusuma recorded higher 
























































































































































































































































































































































Yield in relation to moisture and radiation use efficiency
 The moisture use efficiency (MUE) and radiation use efficiency (RUE) along with yield 
in respect of varieties and dates of sowing (Table  3.44) brought out that decrease in both RUE 
and MUE with each delay in sowing was also reflected in decreased yield of both varieties 
under delayed sowing conditions. The variety Kusuma with higher RUE and MUE than SSF-
702 also produced higher yield than SSF-702 under all sowing dates. It is necessary to consider 
RUE and MUE as important traits for breeding genotypes for higher yield.
Table 3.44.  RUE, MUE and yield of varieties under four different micro-environments at 
Solapur
Sowing date Variety MUE (kg ha-1 mm) RUE (gm MJ-1) Yield (kg/ha)
11 Sept 2008 Kusuma 4.1 3.17 1290
SSF-702 3.4 3.01 986
26 Sept 2008 Kusuma 3.0 2.95 852
SSF-702 2.4 2.90 628
11 Oct 2008 Kusuma 1.9 2.80 503
SSF-702 1.6 2.75 414
22 Oct 2008 Kusuma 1.0 2.65 245
SSF-702 0.8 2.60 174
Relationship between yield and cumulative moisture use
 Relating yield of both varieties under four dates of sowing with corresponding moisture 
use (Fig.3.26), it was observed that moisture use significantly and positively influenced the 
yield of safflower. Each mm increase in water use enhances yield by 10.6 kg/ha.





Effect of seasonal rainfall on the productivity
 The tea productivity over the last 14 years at Tea Husbandry Department of CSKHPKV, 
Palampur was analyzed in relation to seasonal rainfall (February to September). Though the 
relation between yield and seasonal rainfall (Fig.3.27.) is not statistically significant, the tea 
yield pattern closely related to the rainfall pattern from year 2001 onwards. The 14 years green 
tea leaf yield of April and June months were related with rainfall of March and May at Both 
Wah tea estate and tea husbandry farm. At Wah tea estate, green tea leaf yield of both April 
and June months showed highly significant positive relationships with rainfall during their 
respective previous months, i.e., March and May (Fig. 3.27). Though green leaf yield in June is 
depicting significant positive relation with rainfall during the same month, i.e., June (Fig. 3.27) 
it is not as significant at that of previous.
Fig.3.27. Relation between rainfall and made tea at Palampur
Blackgram and Greengram
Kovilpatti
 To study the interaction of performance of blackgram and greengram with weather 
conditions, blackgram (Co 5) and greengram (Co 6) were exposed to four different micro-
environments by sowing each crop on four dates, viz, 39, 40 41 and 42 SMWs. Highest yield 
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Table 3.45. Influence of different sowing environments on the growth and yield attributes 














AHTU Rainfall Soil moisture (cm)
0-15 15-30 30-45 
Blackgram
39 32.6 1438 4.12 289 8776 480 29.9 32.3 33.1
40 35.4 1622 4.27 297 7574 471 30.7 32.9 33.7
41 42.6 1941 4.62 359 6367 471 30.7 33.7 34.4
42 37.4 1708 4.43 316 6557 312 315 33.3 34.1
Greengram
39 46.5 1748 3.76 328 8776 480 29.9 32.3 33.1
40 48.2 1816 3.83 347 7574 471 30.7 32.9 33.7
41 55.4 2241 4.06 421 6367 471 30.7 33.7 34.4
42 52.1 1953 3.91 362 6557 312 315 33.3 34.1
D1 - 39th standard week; D2 - 40th standard week; D3 - 41st standard week; D4 - 42nd standard week
and yield attributes were achieved by the crop which was sown on 41st SMW or with onset 
of monsoon due to higher soil moisture conditions at all depths and lower accumulated 
heliothermal units during the growing period than in other sowing conditions (Table 3.45).
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4. Crop Growth Modelling
Table 4.1.  Accumulated growing degree days in chickpea cultivars under different sowing 
dates
Phenophase V1 - AKG-46 V2 - JAKI-9218 V3 - SAKI-9516 Mean
D1- 40 MW (01.10.2008)
Vegetative stage 836.8 875.3 894.3 868.80
Flowering 283.4 294.0 306.7 294.70
Pod formation 270.2 276.4 302.3 282.97
Seed development 304.5 307.1 310.0 307.20
Maturity 136.2 166.6 203.1 168.63
Total 1831.1 1919.4 2016.4 1922.3
D2 - 41 MW (08.10.2008)
Vegetative stage 790.1 830.3 874.4 831.60
Flowering 268.8 288.3 300.6 285.90
Pod formation 262.7 278.0 289.0 276.57
Seed development 284.1 272.6 293.5 283.40
Maturity 151.8 203.1 205.4 186.77
Total 1757.5 1872.3 1962.9 1864.2
D3 - 42 MW(15.10.2008)
Vegetative stage 743.4 784.8 821.1 783.10
Flowering 240.2 255.0 253.1 249.43
Pod formation 258.7 252.8 274.1 261.87
Seed development 254.9 257.4 292.4 268.23
Maturity 162.9 203.1 168.0 178.00




 Degree days requirement of three varieties of chickpea, viz., AKG-46, JAKI-9218 and 
SAKI-9516 under three varied environments created by sowing the crop on three dates (Table 
(4.1), viz., 1 Oct, 8 Oct and 15 Oct 2008 showed that accumulated growing degree days to 
reach various phenological stages decreased with each delay in sowing.  Among the cultivars, 






 Number of days taken and growing degree days required for occurrence of different 
phenological stages of three crop varieties, viz., Awarodhy, Radhey and Uday under three 
dates of sowing 25 Oct, 5 and 25 Nov 2008 (Table 4.2) showed that early sown crop (25 Oct) 
required more number of days (159) as well as growing degree days (2204) from sowing to 
maturity than the crop sown later. Varieties did not differ much in respect of their degree 
day’s requirement from sowing to maturity.
Table 4.2. Phase duration (days) of various phenological stages of chickpea at Faizabad
Treatment Emergence Vegetative 50% flowering Podding Maturity
Sowing dates
25 Oct 6(111) 110(1289) 121(1550.4) 136(1838.7) 159(2204.3)
5 Nov 7(125) 100(1213.6) 117(1472.4) 130(1685.1) 143(2005.2)
25 Nov 7(123) 92(1070.7) 110(1326.1) 120(1495.2) 134(1810.1)
Genotypes
Awarodhy 7(121) 101(1244) 115(1460) 128(1669) 146(2015)
Radhey 6(115) 103(1249) 117(1466) 130(1675) 151(2090)
Uday 7(120) 105(1255) 119(1462) 134(1666) 154(2129)
Figures in parenthesis indicates GDD
Validation of simulation model
 Crop simulation model DSSAT 4.0 was validated for chickpea cv. Awarodhi grown at 
Faizabad during rabi 2008-09. The comparison of simulated and observed yields for three 
dates of sowing, viz., 30 Oct, 10 Nov, and 20 Nov showed that simulated yields are closer to 
observed yield at all the sowing dates (Table 4.3).
Table 4.3. Comparison of simulated and observed yields of chickpea at Faizabad
Date of sowing Simulated yield(kg/ha) Observed yield(Kg/ha)
30 Oct  2478 2580
10 Nov 2305 2220





 Number of growing degree days required for occurrence of flowering and physiological 
maturity stages of three crop varieties, viz., JGK-3, JG-322 and JGG-1 under three dates of 
sowing 24 Oct (D1), 12 Nov (D2) and 2 Dec (D3) 2008 (Fig. 4.1) showed that all the varieties 
sown early required more number of degree days than under late sowing conditions for 
flowering as well as physiological maturity. Among the varieties, JGK-3, the Kabuli variety 
required lesser number of degree days for occurrence of flowering and physiological maturity 
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V arieties  
GDD From Sowing to  50% Flowering 
D1 D2 D3
Fig.4.1.  Accumulated growing degree-days of chickpea varieties under different sowing 
dates at different crop stages at Jabalpur
Fig.4.2. Comparison between simulated and measured number of days for anthesis to 
physiological of chickpea using DSSAT model (1999 to 2002) at Jabalpur
Validation of DSSAT
 To validate DSSAT model for chickpea, yield, phenology and yield attributes data of 
crop cv JG-7 sown on 12 dates of sowing over the years 1999 to 2002 were collected along 
with weather, soil profile and crop management data. Comparison between simulated and 
measured values of number of days taken for anthesis and physiological maturity (Fig.4.2) 
showed that these stages were predicted accurately in case of Nov 2002 sowing.  Days taken 
for both these stages were over-estimated by 8 days in 9 Dec 1999 and 3 Jan 2002 sowings.  
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 Seed yield and pod weight were highly under-estimated in 3 Jan 2001 sowing while they 
were over-estimated in 17 Dec 2000 sowing (Fig.4.3).
Fig.4.3. Comparison between measured and simulated pod yield of chickpea using DSSAT 
model (1999 to 2002) at Jabalpur
Table 4.4.  Growing degree days required to attain phenological stages as influenced by 




Emergence Branching 50 %  Flowering Pod formation Pod maturity
S1V1* 163 618 945 1127 1419
S1V2 172 655 994 1172 1487
S2V1 159 601 893 1060 1342
S2V2 168 631 938 1111 1401
S3V1 147 536 814 969 1246
S3V2 155 552 837 999 1280
S4V1 139 502 754 899 1162
S4V2 147 525 792 945 1215
* S1, S2, S3 and S4 are sowing dates 24 Sep., 1st Oct, 18 Oct and 3 Nov, respectively.
  V1 and V2 are varieties are Vijay and Digvijay, respectively.
Solapur
Growing degree days
 The number of growing degree days required for occurrence of different phenological 
stages in two crop varieties under four different sowing dates (Table 4.4) showed that both 
the varieties sown on early date (24 Sept 2008) required more number of degree days for 
occurrence of all phenological stages than the crop varieties sown later. Among the varieties, 























































A ctu a l
S im u la te d
WHEAT
Anand
Validation of DSSAT models
 To validate DSSAT 3.5 model for wheat crop in middle Gujarat region, cv. GW-496 was 
transplanted on three dates of sowing, i.e., early (D1), normal (D2) and late (D3) with four levels 
of irrigation (I1 – 3 irrigations, I2 – 4 irrigations, I3 – 5 irrigations and I4 – 6 irrigations). The 
comparison of actual and simulated wheat yield under different combination of treatments 
(Fig.4.4) brought out that simulated yields are more close to actual yields under higher 
irrigation (I4) conditions in all dates of sowing than under lesser irrigation conditions (lesser 
number of irrigations). The simulated and actual yield agreeing well under early or normal 
sown conditions than under late sown with combination of all irrigation treatments. Under 
highest irrigation level (I4) and early sowing combination conditions, DSSAT model simulates 
yield close to actual yield than any other combination of days of sowing and irrigation levels.
Fig.4.4.  Comparison of mean actual and simulated wheat yield under different treatments 
at Anand 
Validation of regression models
 Regression models were developed to predict grain yield [Y = 12014.11 - 432.373 Tmin 
(Jan) - 206.133) Tmin (Dec)] using average weather parameters recorded during the season. 
They were validated by comparing the simulated yield with actual yield data of the years 
2004-05 to 2007-08 (Fig.4.5). The predicted yields were not close to actual yield across all the 
four years.  In years 2005-06 and 2006-07, the values were agreeing very well with actual yields 
but in 2007-08 and 2008-09 they deviated by 20 percent from the actual yields. The prediction 
models need to be modified by including the weather parameters recorded at crucial growth 
























Fig.4.5.  Comparison of actual and statistical model predicted yield of wheat crop for all the 
dates of sowing at Anand
Development and validation of phenology prediction models
 The growing degree days (GDD) in respect of each phenological stage and their durations 
were regressed for development of prediction models for phenological stages. The following 
phenology models developed individually for each date of sowing explained 99 percent of 
variations in duration of phenological stages.
Date of sowing Regression model R2
1 Nov (D1) Y = 7.38 + 0.062 GDD 0.99
15 Nov (D2) Y = 4.71 + 0.062 GDD 0.99
30 Nov (D3) Y = -0.3 + 0.058 GDD 0.99
 These models were validated by comparing the predicted days of occurrence of 
phenological stages with observed days of occurrence (Table 4.5).  The data showed that under 
early sowing condition days taken for occurrence of different phenological stages were well 
predicted.  However, under normal and late sown conditions, tillering, jointing and flowering 
stages were over predicted by 4 to 8 days.
Table 4.5. Validation of the phenological model
Phenological phases CRI* TL JT FL ML DS PM
D1 (1 Nov)
Actual days 18 34 47 62 73 87 108
Predicted days 16 35 48 63 74 86 107




 To work out the requirement of degree-days for occurrence of different phenological 
stages, a tall variety (C-306) and a dwarf variety (WH-1025) were transplanted on three 
staggered dates, viz., 30 Oct, 10 Nov and 20 Nov 2008.  Degree day requirement for occurrence 
and the days taken for different phenological stages (Table 4.6) showed that number of days 
taken and the degree days required were lower in early sown crop varieties upto anthesis stage 
than in the varieties that were sown later. However, number of days taken and degree days 
requirement for physiological maturity were more in early sown crop varieties than in late 
sown crop varieties. The shortening of reproductive period (from flowering to physiological 
maturity) in late sown conditions (20 Nov) was due to occurrence of high temperature in late 
sown crop varieties. The number of days taken and degree days required from sowing to 
physiological maturity in varieties C-306 and WH-1025 were not different under early and 
normal sown conditions (30 Oct and 10 Nov).
Phenological phases CRI* TL JT FL ML DS PM
D2 (15 Nov)  
Actual days 18 32 47 60 74 87 105
Predicted days 19 37 51 66 76 89 110
Deviation in days -0.83 -5.26 -3.91 -5.87 -2.29 -2.09 -4.73
D3 (30 Nov)
Actual days 18 31 45 59 74 86 100
Predicted days 22 39 51 65 75 87 106
Deviation in days -3.57 -7.70 -6.39 -6.29 -0.97 -0.86 -6.05
CRI=Crown root initiation: TL=Tillering; JT=Jointing; FL=Flowering, ML=Milking; DS=Dough stage 
and PM=Physiological maturity
Table 4.6.  Days taken and degree days required to attain various phenophases of wheat as 
affected by dates of sowing and genotypes at Hisar
Phenophase
C-306 WH-1025
30 Oct 10 Nov 20 Nov 30 Oct 10 Nov 20 Nov
Emergence 82.5(5) 100(6) 116.7(6) 91.1(5) 82.3(4) 100(6)
CRI 333.6(20) 372.8(23) 387.6(25) 341(21) 360.2(21) 360.2(22)
Tillering 377.4(24) 392.9(25) 409.0(26) 409.3(27) 409.1(26) 426.4(28)
Jointing 688.6(57) 717.9(54) 761.4(59) 702.2(52) 724.9(54) 765.1(60)
Flag leaf 934.9(85) 991.9(90) 1027.5(94) 931.3(84) 987(89) 1014.8(93)





30 Oct 10 Nov 20 Nov 30 Oct 10 Nov 20 Nov
Anthesis 1152.2(106) 1195.9(111) 1200.9(112) 1114.7(102) 1162.5(107) 1168.2(108)
Dough 1663.2(144) 1787.4(151) 1627.2(142) 1680.5(145) 1724.1(148) 1724.2(147)
Physiological 
maturity 1981.9(161) 1934.5(159) 1787.9(151) 2017.1(164) 1924.5(157) 1884.3(157)
Table 4.7.  Dry matter partitioning (%) to plant parts at different stages of two varieties of 
wheat under three dates of sowing at Hisar
Sowing date /
Crop stage
Tall variety – C-306 Dwarf variety – WH-1025
Leaf Stem Spike Leaf Stem Spike
30 Oct 2008
Tillering 69.8 30.2 - 74.2 25.8 -
Jointing 53.0 47.0 - 50.4 49.6 -
Booting 33.0 67.0 - 43.4 56.6 -
Anthesis 26.0 66.3 7.7 35.4 47.9 16.7
Dough 17.1 52.1 30.8 25.1 37.9 37.0
Physiological maturity 13.2 42.7 44.1 16.1 29.9 54.0
10 Nov 2008
Tillering 74.8 25.2 - 80.2 49.8 -
Jointing 50.0 50.0 - 51.2 483.8 -
Anthesis 26.0 66.7 7.3 37.1 46.9 16.0
Dough 17.9 46.1 36.0 26.4 36.9 36.7
Physiological maturity 11.2 40.2 48.6 14.3 35.3 50.4
Dry matter partitioning
 Partitioning of dry matter to different plant parts at different stages in two contrasting 
crop varieties (Tall and dwarf) under three dates of sowing (Table 4.7) brought out that the 
leaves are main contributors for dry matter till jointing stage in both the varieties under all 
three dates of sowing. Its contribution to dry matter remains higher than other plant parts 
till physiological maturity in tall variety (C-306) and till dough to physiological maturity in 
dwarf variety (WH-1025). In the dwarf variety, contribution of stem to dry matter at all the 
stages (except jointing stage) is far lesser than the contribution of stem at the respective stages 
in tall variety C-306, under all the dates of sowing. Reverse is the case for contribution of leaf 
and it remains higher in dwarf variety at all stages (except jointing) than the tall variety. At 
physiological maturity contribution towards spike is highest among other parts in all dates of 
sowing and varieties.  In dwarf variety, lesser allocation towards stem facilitates in increasing 






Tall variety – C-306 Dwarf variety – WH-1025
Leaf Stem Spike Leaf Stem Spike
20 Nov 2008
Tillering 68.0 32.0 - 73.3 26.7 -
Jointing 55.0 45.0 - 54.2 45.8 -
Booting 28.0 72.0 - 47.1 52.9 -
Anthesis 25.3 68.1 6.6 40.2 46.3 13.5
Dough 15.6 46.7 37.7 29.3 33.5 37.2
Physiological maturity 11.5 43.5 45.0 17.2 38.2 44.6
Harvest Index
 Harvest index among the two varieties under three dates of sowing during rabi 2008-09 
(Table 4.8) showed that harvest index of dwarf varieties under all the sowing conditions is 
higher than the tall variety C-306. Changes in weather imposed by sowing dates have not 
shown any consistent influence on harvest index.




30 Oct 29.6 39.0
10 Nov 32.2 35.2
20 Nov 31.0 40.6
Validation of WOFOST Model
 The WOFOST model was calibrated for wheat crop variety PBW-343, the most popular 
variety in Haryana using experimental data of 2007-08.  The simulation results were validated 
with the observed data recorded during rabi 2008-09 (Table 4.9). The results showed that the 
model simulated phenology, yield and other crop parameters accurately and all the simulated 
values are within acceptable limits.  However, the model over-estimated leaf area index (LAI) 
by 11.7 percent.
Table 4.9.  Simulated and observed parameters during 2008-09 at CCSHAU, Hisar
Parameters Observed Simulated % Deviation
Physiological Maturity (Julian day) 115 121 5.2
LAIMax 4.6 5.25 11.7
Seed yield (q ha-1) 42.2 44.9 6.4
Biological yield (q ha-1) 115.6 113.9 -1.5





 Duration and growing degree days requirement of vegetative and reproductive periods 
of wheat varieties under three growing environments (Table 4.10) showed that duration and 
degree days requirement of vegetative stage is not much affected by sowing dates. Duration of 
vegetative period varied from 57 days in early transplanting to 54 days under late transplanting 
while degree days requirement of this varied from 615 to 649 days only across the sowing 
dates. Though the duration of reproductive period was curtailed by 11 days in case of late 
transplanted crop compared to early transplanting, the degree days requirement was almost 
same in all three transplanting dates (852, 876 and 848°C in D1, D2 and D3, respectively). The 
degree days requirement of both the stages did not change significantly among the varieties.
Table 4.10. Growing degree days (GDD) requirement and duration for vegetative and 





HD-2733 620.6   (55) 836.0   (56)
K-0307 648.2   (57) 844.9   (56)
K-9107 678.0   (59) 874.2   (57)
15.12.08 (D2)
HD-2733 592.9   (54) 857.5   (52)
K-0307 628.3   (57) 862.3   (51)
K-9107 654.3   (59) 907.2   (52)
30.12.08 (D3)
HD-2733 584.5   (52) 854.1   (46)
K-0307 613.5   (54) 849.6   (45)
K-9107 646.6   (57) 839.7   (44)
Figures in parentheses are duration in number of days
Harvest Index
 Harvest index of three wheat varieties across three sowing dates (Table 4.11) showed 
that it is more influenced by genotypes than environments, as it varied from 38.4 to 40.6 




Table 4.11. Effect of sowing dates and cultivars on harvest index (%) of wheat during 2008-
09 at Kanpur
Treatment HD-2733 K-307 K-9107 Mean
30 Nov (E1) 42.2 43.5 36.0 40.6
15 Dec (E2) 42.9 38.8 36.6 39.4
30 Dec (E3) 42.7 39.7 32.8 38.4
Mean 42.6 40.6 35.1 -
Environment (E) Genotype (G) E x G
SE(d)+ 0.71 0.70 1.22
CD at 5% 1.73 1.48 2.71
Ludhiana
 In order to know the growing degree days requirement of three varieties of wheat, viz., 
PBW-343, PBW-502 and PBW-550 for attaining of different phenological stages, wheat was 
sown on three dates, viz., 7, 21 Nov and 5 Dec 2008. Early sown (first date) crop varieties 
accrued more degree days from sowing to physiological maturity (Table 4.12) than under 
late sown conditions. Among the phenological stages, tillering to jointing requires highest 
number of degree days in 7 Nov (early) sown crop varieties whereas grain filling to soft dough 
requires highest growing degree days under late sown conditions. Among the cultivars, PBW-
343 required more heat units as compared PBW-502 and PBW-550 to complete physiological 
maturity.
Dry matter partitioning
 Partitioning of dry matter to different plant parts, i.e., leaf, stem and earhead at different 
intervals of three crop varieties under three dates of planning (Table 4.13) showed that leaves 
are prime contributors to total dry matter till 75 days after sowing in all the varieties under 
early sown conditions. In late sown crop, contribution of leaves to total dry matter remained 
higher among the plant parts till 90-105 days. From 90 to 135 days, stem remains to be highest 
contributor in all varieties under early sown conditions. Earhead starts contributing from 90 







































































































































































































































































































































































































































































































































































































































































































































































































Table 4.13.  Dry matter partitioning (%) of whet cultivars under different dates of sowing at 




V1 – PBW-343 V2 - PBW-502 V3 – PBW-550
Leaf Stem Earhead Leaf Stem Earhead Leaf Stem Earhead
D1 - 7 Nov
30 67.5 32.5 - 69.8 30.2 - 70.1 29.9 -
45 78.9 21.1 - 83.3 16.7 - 81.2 18.8 -
60 78.6 21.4 - 72.8 27.2 - 71.3 28.7 -
75 68.4 31.6 - 63.2 36.8 - 61.2 38.8 -
90 42.2 45.3 12.5 43.4 43.6 13.0 40.3 45.9 13.8
105 37.8 47.4 14.8 39.0 46.1 14.9 40.7 43.9 15.4
120 29.1 42.7 28.2 30.5 43.1 26.5 32.4 39.3 28.2
135 16.4 49.8 33.8 20.6 48.5 31.0 19.4 47.3 33.4
D2 – 21 Nov
30 68.6 31.4 - 67.3 32.7 - 68.9 31.1 -
45 75.5 24.5 - 77.1 22.9 - 78 22 -
60 76.1 23.9 - 70.6 29.4 - 73.5 26.5 -
75 68.0 32.0 - 54.5 45.5 - 59.4 40.6 -
90 42.9 43.7 13.4 36.3 49.0 14.7 37.9 47.9 14.2
105 33.0 40.3 26.6 33.3 41.8 24.9 33.8 40.2 25.9
120 25.0 33.1 41.9 24.6 33.1 42.3 25.8 32.2 42.0
135 13.5 35.1 51.4 13.4 36.1 50.6 11.7 35.5 52.8
D3 – 5 Dec
30 87.9 12.1 - 78.1 21.9 - 79.7 20.3 -
45 75.5 24.5 - 76.9 23.1 - 78.7 21.3 -
60 79.9 20.1 - 77.0 23.0 - 75.8 24.2 -
75 66.3 33.7 - 56.8 43.2 - 66.2 33.8 -
90 47.1 38.8 14.1 45.1 40.9 14.1 41.5 45.4 13.2
105 31.7 32.0 36.3 33.8 31.7 34.6 34.6 33.0 32.4
120 23.5 33.0 43.4 23.2 36.4 40.3 23.7 37.0 39.3
Raipur
Phenology and growing degree days
 Days taken upto 50 percent flowering and maturity along with the total degree days 
occurred till maturity in six varieties under three dates of sowing (Table 4.14) revealed 
that delay in sowing curtailed both the vegetative period (sowing to 50% flowering) and 
total duration (sowing to maturity) of all the varieties. Correspondingly, the degree days 
requirement (average over all the varieties) decreased from 1731°C day in early sowing to 
1643 in late sowing. Among the varieties, Sujata, required maximum number of GDD for 
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Table 4.14. Accumulated growing degree days (GDD), Photo-thermal Unit (PTU) and Helio-
thermal Unit (HTU) at maturity in different wheat varieties under different sowing dates.
Varieties Sowing date
Crop Growth Stage (DAS) Growing degree
Days50 %  Flowering Maturity
Sujata 30 Nov 73 104 1866
10 Dec 69 98 1795
20 Dec 68 90 1673
Mean 70 97 1778
Kanchan 30 Nov 74 102 1823
10 Dec 70 97 1817
20 Dec 65 89 1650
Mean 70 96 1763
GW -273 30 Nov 69 100 1778
10 Dec 65 96 1750
20 Dec 63 87 1605
Mean 66 94 1711
Lok – 1  30 Nov 77 101 1802
10 Dec 69 98 1795
20 Dec 59 88 1627
Mean 68 96 1741
Ratan 30 Nov 69 100 1753
10 Dec 67 95 1727
Mean 67 95 1718
Arpa 30 Nov 69 99 1778
10 Dec 68 95 1727
20 Dec 59 88 1627
Mean 65 94 1711
Mean 30 Nov 73 98 1731
10 Dec 69 98 1776
20 Dec 68 90 1643
Mean 70 95 1717
maturity due to its longer duration whereas GW-273 and Arpa required lesser number of 
GDD for maturity. The shortening of total growing period as well as the reduction in GDD 
requirement with delay in sowing, was more in varieties Sujata, Kanchan, GW-273 and Lok-1 




Phenology and heat units
 Twelve varieties of wheat 
grown under normal and 
late sowing conditions (Table 
4.15) showed that days taken 
for boot and flowering stages 
(averaged and varieties) were 
more in late sowing (72 and 86 
days) than in normal sowing 
(68 and 78 days). In contrary 
to the duration of vegetation 
stage, i.e., sowing to flowering, 
the duration from flowering to 
maturity was more in normal 
sowing than in late sowing. As 
a result, the total duration upto 
maturity and also the degree 
days requirement upto matu-
rity was higher in normal sown 
condition than in late sowing 





































































































































































































































































































































































































 The days taken for occur-
rence of different phenologi-
cal stages and accumulated 
het units or degree days at 
each of the phenological stag-
es in respect of four varieties 
and five sowing dates (Table 
4.16) brought out that the 
period required for different 
phenological stages and heat 
unit accumulation were sig-
nificantly influenced by sow-
ing dates.  Number of days 
and degree days required 
for occurrence of maturity 
were highest (136 days and 
1936.7°C day) on early sow-
ing (15 Nov) and decreases 
with each delay in sowing. 
Among the varieties, HD-
2733 required slightly more 
number of days and degree 





























































































































































































































































































































































































































































































































































































































Validation of yield regression models
 The following regression models developed using weather data during rabi 2007-08 for 
predicting grain yield of wheat were validated with yield and weather data during rabi 2008-
09:
 Y = -59.8 + 6.1 X1  R2 = 0.74 (1)
 Y = 78 – 2.2 X2  R2 = 0.98 (2)
 Y = 108.6 – 3.1 X3  R2 = 0.88 (3)
Where X1, X2 and X3 are mean temperature (°C) during tillering to heading stage, heading to 
milking stage and milking to dough stage, respectively.
 Comparison of actual and predicted grain yield of wheat under all four dates of sowing 
(Table 4.17) showed that prediction of grain yield was more accurate using average temperature 
during milking to dough stage in the crop sown on 19 Nov and 4 Dec than the earlier or late 
sown crop (% deviation of 0.4 to 0.7). Mean temperature during tillering to heading stage is 
not a good predictor in all of the sowing dates except in 19 Nov sowing, with percent deviation 
of predicted yield more than 50 percent.
Table 4.17.  Actual and predicted grain yield of wheat by using mean temperature (2008-09) 
at Udaipur
Sowing date Actual yield (kg/ha)
Predicted yield (kg/ha) % Deviation
Equations
1 2 3 1 2 3
08-11-2008 4076 6192 3909 5145 51.9 -4.1 26.0
19-11-2008 4473 4901 3668 4493 9.6 -18.0 0.4
04-12-2008 3382 5085 3515 3406 50.4 3.9 0.7
19-12-2008 2587 5577 2749 3344 115.6 6.3 29.3
Rabi SORGHUM
Bijapur
 The WOFOST crop simulation model was validated for rabi sorghum in Bijapur region. 
As a first step, modifications were made in the soil and crop files but with limited success. 
The crop file parameters were further refined and the predicted yields were further compared 
with observed yield data of three years, including rabi 2008-09 yields (Table 4.18). It was 
noticed that the refined model parameters reduced the prediction error in terms of standard 
deviation (from 219.1 to 104.2) as well as root mean square error (from 646.3 to 278.0). Refined 
model parameters were able to reduce over estimation of predicted yield in rabi 2008-09 




Table 4.18.  Results of WOFOST Model simulations at Bijapur
Date of 
sowing
Grain Yield (kg ha-1)
Previous modifications in model Revision in crop file parameters in model
Observed Predicted % Error Observed Predicted % Error
15.9.06 1246 2245 -80.2 1246 1186 4.8
29.9.06 1907 1787 6.3 1907 1191 37.5
9.10.06 1608 1665 -3.5 1608 1010 37.2
21.9.07 1312 1347 -2.7 1312 1061 19.1
1.10.07 1906 1235 35.2 1906 896 53.0
22.10.07 1090 1118 -2.6 1090 626 42.6
19.9.08 314 2280 -626.1 314 1136 -261.8
6.10.08 720 1683 -133.8 720 940 -30.6
Average 1262.9   1670.0 -32.2 1262.9 1005.8 20.4




 Requirement of growing degree days for occurrence of different phenological stages 
(Table 4.19) in three varieties, M 35-1 (V1), Mauli (V2) and Yashoda (V3) under four dates 
of sowing, viz., 11 Sept (S1) 22 Sept (S2), 1 Oct (S3) and 17 Oct (S4) showed that degree days 
Table 4.19. Growing degree days required to attain phenological stages as influenced by 


















S1V1 71 143 428 926 1128 1352 1538 1746
S1V2 70 141 442 881 1028 1247 1415 1580
S1V3 76 158 497 1011 1247 1479 1675 1890
S2V1 80 159 453 960 1171 1404 1601 1818
S2V2 75 151 457 901 1053 1277 1448 1617
S2V3 88 181 532 1018 1260 1504 1712 1930
S3V1 89 176 479 997 1214 1454 1658 1882
S3V2 81 163 475 924 1082 1311 1488 1663
S3V3 97 200 520 1040 1267 1520 1736 1963
S4V1 72 145 432 931 1136 1362 1551 1762
S4V2 73 147 451 893 1042 1264 1435 1603
S4V3 79 161 477 975 1183 1412 1604 1809
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requirement till maturity was highest, i.e., 19882, 1663 and 1963°C days in varieties M 35-1, 
Mauli and Yashoda, respectively in 1 Oct sowing and  was lowest in early sowing (11 Sept). 
Among the varieties, Yashoda required higher heat units for maturity than the other varieties in 
all the dates of sowing (1890 to 1963°C days). Vegetative stage, i.e., the period from emergence 
to 50 percent flowering required higher number of degree days than the reproductive period 
(from 50% flowering to physiological maturity).
MANGO
Dapoli
 Phenological stages of mango along with prevailing weather conditions were recorded 
during the year 2008-09 (Table 4.20). Leaf initiation for reproductive phase in mango started 
from 39th SMW of 2008 onwards and continued upto 1st SMW of 2009. During this period, 
maximum temperature ranged from 28.7 to 35.5°C and minimum temperature ranged from 
12.9 to 23.1°C.  During flowering period, i.e., 51st to 7th SMW, minimum temperature remained 
around 12.2 to 15.2°C and maximum temperature remained around 31.6 to 33.1°C. In third 
week of February (7th SMW), 100 percent occurred flowering when minimum temperature 
was 12.2°C.  Gradual increase in minimum temperature favoured fruit setting and maturity.
Table 4.20. Phenological observations during 2008-2009 in mango tree at Dapoli
Observations Date MW
Weekly weather parameters





(mm)Max. Min. I II
Leaf initiation 24.06.08 25 29.2 23.4 98 92 7.9 1.2 1.1
Leaf initiation 27.09.08 39 28.7 23.1 98 88 4.9 4.0 2.3
25% leaf initiation 30.09.08 39 28.7 23.1 98 88 4.9 4.0 2.3
50% leaf initiation 15.10.09 42 35.5 19.3 97 53 2.3 7.2 6.1
75% leaf initiation 12.11.09 46 32.4 16.8 95 47 2.9 7.4 4.0
100% leaf initiation 17.12.08 51 33.1 15.2 97 45 2.3 6.2 3.2
Flower initiation 20.12.08 51 33.1 15.2 97 45 2.3 6.2 3.2
25% flower initiation 01.01.09 1 30.7 12.9 98 44 2.6 8.7 3.6
50% flower initiation 20.01.09 3 32.2 12.7 96 44 2.7 8.9 3.7
75% flower initiation 30.01.09 5 32.7 13.1 95 53 2.6 8.7 3.9
100% flower initiation 17.02.09 7 31.6 12.2 95 52 3.7 9.3 4.2
Marble sized fruits 04.02.09 5 32.7 13.1 95 53 2.6 8.7 3.9
Egg sized fruits 05.03.09 10 33.1 16.0 88 59 3.5 8.5 5.3
Harvesting 30.04.09 18 33.3 20.9 90 61 5.4 9.5 5.1
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Fig.4.6.  Heat unit requirement of Brassica cultivars for various phenophases under 
different sowing environments at Hisar
MUSTARD
Hisar
  Heat unit requirement for completion of different phenological stages of ten Brassica 
cultivars, viz., Laxmi (V1), RH-30 (V2), Varuna (V3), RH-819 (V4), Kranti (V5), GSL-1 (V6), HNS-
501 (V7), HNS-403 (V9) and HNS-0401 (V10) under different sowing environments, viz., 15 Oct, 
27 Oct and 10 Nov (Fig.4.6) showed highest thermal time requirement for occurrence of all 
phenological stages in early sown (15 Oct) sown crop followed by 27 Oct and 10 Nov sown 
crop.  The heat units required for reaching physiological maturity were 1670, 1524 and 1465°C 
day in early, normal and late sown crop, respectively. Among the Brassica juncea varieties, 
Kranti accumulated highest heat units (1525.4°C day) followed by RH-819 (1523.4°C day). 
Among the Brassica napus genotypes, HNS-0403 accumulated significantly higher thermal 





 To study the phenology and degree days requirement in mustard, three cultivars viz., 
GSL-1, Hyolla PAC-401 and PBR-91 were planted on 31 Oct, 14 Nov and 28 Nov 2008. Perusal 
of the days taken for attaining different phenological events and corresponding degree days 
requirement (Table 4.21) showed that duration of the varieties was curtailed by 9 to 19 days 
with delay in sowing by four weeks. The corresponding degree days requirement reduced 
from 1640, 1885 and 1732 in varieties PBR-91, GSL-1 and Hyolla, under early sowing to 1560, 
1632 and 1596, respectively under delayed sowing. Among the three cultivars, GSL-1 accrued 
highest number of degree days followed by Hyolla and PBR-91 in decreasing order.
Table 4.21.   Days taken and growing degree days (GDD) accrued to attain different phenological 




D1 – 31 Oct D2 –  14 Nov D3 – 28 Nov
PBR-91 GSL-1 Hyolla PBR-91 GSL-1 Hyolla PBR-91 GSL-1 Hyolla
 Start emergence 36(2) 36(2) 36(2) 47(3) 61(4) 47(3) 37(3) 49(4) 37(3)
 Complete 
 emergence 140(8) 156(9) 156(9) 115(8) 126(9) 116(8) 108(9) 134(11) 147(12)
 Start Flowering 618(44) 890(76) 753(57) 561(51) 693(78) 642(61) 696(69) 803(80) 729(73)
 Start Pod 
 Formation 696(51) 1058(2) 840(70) 615(58) 171(94) 801(76) 771(77) 930(90) 874(86)
 Start Pod Filling 821(67) 1122(98) 934(80) 766(73) 70(100) 907(86) 930(90) 1008(96) 944(91)
 Physiological 
 Maturity 1640(137) 1883(151) 1732(142) 1578 (133) 643(140) 1662(138) 1560(128) 1632(132) 1596(130)
Mohanpur
Growing degree days (GDD)
 Duration and accumulated growing degree days requirement of three important 
phenological stages as well as the total duration and GDD requirement of variety Binoy under 
five dates of sowing (Table 4.22) showed that accumulated GDD during the crop growing 
period is highest in early sowing (1669°C) and decreases with each delay in sowing.  Among the 
phenological stages, siliqua formation to siliqua maturity stage requires highest GDD under 
all the dates of sowing than the other stages. The degree days requirement for emergence to 
first flower stage was highest in early sowing (13 Oct) and lowest in most delayed sowing (11 
Nov) condition.  Reverse was true in case of GDD requirement during siliqua formation to 
siliqua maturity, as it was lowest in early sowing and highest in delayed sowing.
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Table 4.22. Accumulated Growing Degree Day (GDD), Heliothermal unit (HTU) and 
Photothermal unit (PTU) under different dates of sowing 
Dates of sowing
GDD (0C-days)
E to FF FF to SF SF to SM Total
13.10.08 626(31) 346(20) 697(48) 1669(99)
20.10.08 560(29) 323(19) 731(51) 1614(99)
27.10.08 509(27) 339(20) 757(54) 1605(101)
4.11.08 469(26) 301(18) 825(58) 1595(102)
11.11.08 465(27) 277(19) 766(52) 1508(98)
Where E, FF, SF and SM refers to emergence, first flowering, siliqua formation and siliqua maturity
Palampur
 In order to understand the growing degree days requirement for occurrence of different 
phenological stages of mustard, three varieties viz., HPN-1 (V2), HPN-3 (V2) and Hoyla (V3) 
were sown on three dates of sowing 24 Oct, 11 and 25 Nov 2008.  In all the three varieties, the 
growing degree day requirement and days taken for attainment of physiological maturity 
were highest in early sowing and lowest in late sowing conditions (Table 4.23).  There was no 
significant difference in degree days requirement among the duration of different varieties on 
any sowing date.
Table 4.23.  Number of days taken and accumulated growing degree days (AGDD) required 










V1D1 105(7) 887(91) 1043(109) 1422(145) 1783(174)
V1D2 79(7) 679(75) 822(93) 1273(133) 1597(158)
V1D3 105(9) 610(69) 715(82) 1095(125) 1503(146)
V2D1 105(7) 898(92) 1049(110) 1447(147) 1783(174)
V2D2 89(8) 689(76) 811(91) 1273(133) 1617(159)
V2D3 116(10) 610(69) 724(83) 1182(123) 1517(147)
V3D1 131(9) 857(88) 1017(106) 1394(143) 1766(173)
V3D2 99(9) 433(73) 761(85) 1226(129) 1581(157)





 Harvest index is an important component of simulation models. The harvest index in 
respect of four sowing dates and irrigation levels (Table 4.24) brought out that harvest index 
is more influenced by irrigation levels (23.3 to 30.0) than the changing weather conditions 
imposed by dates of sowing (24.5 to 29.1).  Highest harvest index of 30 percent was achieved 
with more number of irrigations and also in early sowing condition (29%).










05-10-2008 29.1 Nil 23.3
20-10-2008 28.8 1 (30 DAS) 26.4
04-11-2008 27.0 2 (30 and 55 DAS) 29.7
19-11-2008 24.5 3 (30, 55 and 75 DAS) 30.0
Growing degree days (GDD)
 Requirement of GDD for vegetative and reproductive periods of mustard under four 
dates of sowing and irrigation conditions (Table 4.25) brought out that highest GDD of 1830°C 
days were required during the total growing period by the early sown crop (5 Oct). The GDD 
required during the total growing period decreased with each delay in sowing.  Among the 
different irrigation levels, lowest GDD of 1635°C days were required under no irrigation and 
highest GDD of 1750°C days under three irrigations.
Table 4.25. Accumulated Heat units required to attain different phenophases of mustard 
under varying environments (sowing dates) and irrigation levels (2008-09) at 
Udaipur
Treatment Phenophases I0 I1 I2 I3 Mean
05-10-2008 Vegetative 749 765 765 782 765
Reproductive 1044 1041 1070 1106 1065
Total 1793 1806 1835 1888 1830
20-10-2008
Vegetative 667 683 682 682 679
Reproductive 984 997 1025 1077 1021
Total 1651 1680 1707 1759 1700
04-11-2008
Vegetative 662 677 677 677 673
Reproductive 878 879 894 978 907
Total 1540 1556 1571 1655 1580
19-11-2008 Vegetative 633 652 652 652 647





 To study the performance of maize with respect to its growth, development and yield in 
relation to weather parameters CoH(M)5 variety of maize was sown on 39, 40, 41 and 42 SMW 
of 2008-09.
Growing degree days (GDD)
 Degree days requirement of individual phenological stages as well as cumulative degree 
days for reaching each phenological stage of maize under four dates of sowing (Table 4.26) 
revealed that cumulative GDD for maturity was highest (2030.5°C) under early sown (39th 
SMW) crop and lower (1725-1729) under late sown (41st and 42nd SMW) crop. Cumulative 
degree days requirement for reaching all the phenological stages is higher in early sown crop 
compared to late sown crop. The degree day requirement upto cob formation stage decreased 
with each one week delay in sowing.
Table 4.26.  Influence of sowing dates on the phenology and GDD of maize under rainfed 
vertisol condition at Kovilpatti
Stages P1 P2 P3 P4 P5 P6 P7 P8
































































P1 - Germination and establishment;  P2 - Early vegetative phase;   P3 - Vegetative phase;  
P4 - Flowering phase; P5 – Silking;  P6 - Cob formation phase;  P7 - Milking phase;  P8 – Maturation  
Figures in parentheses are degree days requirement of individual phenological stages
Total 1553 1571 1607 1697 1607
Mean Vegetative 678 694 694 698 691
Reproductive 957 959 986 1052 989




Phenology and growing 
degree days
 Days taken and cumula-
tive heat units (degree days) 
required for occurrence of 
important phenological stag-
es of crop varieties, Shakti-
man-4, 900 M Gold, Shakti-
man-3 and Pinnacle sown on 
dates 31 Oct, 10 Nov, 20 Nov 
and 30 Nov 2008 (Table 4.27) 
revealed that early sown crop 
required lower number of de-
gree days than the late sown 
crop for occurrence of all phe-
nological stages. The GDD re-
quirement as well as duration 
in different varieties upto ma-













































































































































































































































































































































































































































































































































 Days taken and degree days required for attaining of different phenological stages of 
potato cv Kufri Jyoti planted on five different dates (Table 4.28) showed that early planted 
potato has taken highest number of days as well as degree days from sowing to maturity. 
Duration of crop and degree days requirement decreased with each delay in sowing to reach 
minimum in 6 Dec sown crop. The duration and degree days requirement till tuberization 
stage were not significantly different across different sowing dates. However, duration from 
tuberization stage to maturity got curtailed and correspondingly degree days requirement 
reduced due to delay in transplanting.
Table 4.28. Accumulated growing degree days (AGDD) in 0C-day and days taken for 
different dates of planting in potato cv Kufri Jyothyduring 2008 at Mohanpur
Phenophases
Dates of planting














































Figures in paranthesis are number of days
Estimation of irrigation water requirement
 Using CROPWAT model and feeding soil, weather and potato data of Mohanpur centre 
for the year 2008-09 as inputs, crop Evapotranspiration (ETc), reference ET (ETo) and irrigation 
water requirement (mm per 10 days) were worked out (Table 4.29).  In the initial four decades, 
irrigation water requirement is around 10 mm per decade (10 days) and from 80 to 100 days 
period, the irrigation requirement was higher with more than 25 mm per decade. After 100th 




Table 4.29. Crop water requirement of potato during 2008-09 at Mohanpur






Nov 08 2 Initial 0.35 1.13 2.26 9.1
Nov 08 3 Initial 0.35 1.00 3.22 10.0
Dec 08 1 Development 0.42 1.00 3.84 10.0
Dec 08 2 Development 0.60 1.19 5.02 11.9
Dec 08 3 Development 0.80 1.65 5.17 18.1
Jan’09 1 Mid 0.91 2.00 4.00 20.0
Jan 09 2 Mid 0.91 2.05 3.38 20.5
Jan 09 3 Mid 0.91 2.35 3.64 25.8
Feb 09 1 Late 0.90 2.60 3.73 26.0
Feb 09 2 Late 0.83 2.67 3.65 26.7
Feb 09 3 Late 0.76 2.61 3.24 20.8
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5. Weather effects on Pests and Diseases
MUSTARD
Anand
 Effect of weather on incidence and spread of two important pests in mustard, viz., aphids 
and sawfly was studied during rabi 2008-09. For this purpose, mustard variety GM-2 was 
subjected to four different micro-environments by sowing the crop on four dates starting from 
10th Oct at 10 days interval. The index of aphids population in different dates of sowing and 
prevailing weather parameters are shown in Fig. 5.1. It is seen that aphid index was lowest 
in early sown crop and highest in late sown crop. Interpreting the pest index in relation to 
weather conditions during the crop growing period, it was observed that lower mean relative 
humidity (MRH) and higher mean temperature prevailed during the growing period of early 
sown crop were responsible for lower aphid infestation in it.
Fig.5.1.  Relationship between mustard aphid and weather parameters in different dates of 
sowing at Anand
 The mustard sawfly infestation in different dates of sowing and corresponding weather 
parameters (Fig.5.2) showed that infestation of mustard sawfly was lowest in early sown and 
highest in late sown mustard crop.  Like aphids, lower infestation of sawfly in early sown 
crop could be attributed to lower mean relative humidity and higher minimum temperature 
prevailed during crop growing period.
Fig.5.2. Relationship between mustard saw fly and weather parameters in different dates 




 Population of thrips in Varuna 
and Pusa Bahar varieties under differ-
ent micro-climatic conditions (dates 
of sowing) in both irrigated and 
rainfall conditions for last three rabi 
seasons were analyzed in relation to 
weather parameters. Correlation co-
efficients between thrips population 
and weather parameters experienced 
each day during preceding 10 days 
of the incidence of thrips (Table 5.1) 
revealed that minimum temperature 
on all 10 days preceding the outbreak 
of thrips had significant negative 
relationship with pest population. 
Mean temperature during all days 
(except 9th day) prior to thrips attack 
showed highly significant negative 
relationship.  Relative humidity on 
few days  showed negative relation-
ship.  However, minimum tempera-
ture on preceding 6th day showed 
higher negative correlation (r=-0.41) 
than all other weather parameters on 











































































































































































































































































































































































































































































 The effect of weather on incidence and severity of aphids and powdery mildew in mustard 
were studied by sowing the crop on four dates, i.e., 5 Oct, 20 Oct, 4 Nov and 19 Nov 2009. 
Aphids population and weather data at periodic intervals in four dates of sowing (Table 5.2) 
showed that lowest intensity of aphids was recorded in early sown crop (5 Oct) and highest 
population in late sown crop (19 Nov). The first appearance of aphids was noticed in third week 
of December when average temperature and RH were 20.6°C and 56.5 percent, respectively. 
The peak infestation was observed in fourth week of January when average temperature and 
RH were 18.3°C and 56.5 percent, respectively.
Table 5.2.    Aphid population on top 10 cm inflorescence of mustard at different sampling 
dates under various weather conditions at Udaipur
Dates of sow-
ing / Weather 
parameters
23 Dec 30 Dec 6 Jan 16 Jan 22 Jan 27 Jan 3 Feb 10 Feb 24 Feb
5 Oct 12 21 16 29 42 67 0 0 0
20 Oct 7 26 31 40 68 52 44 0 0
4 Nov 5 7 14 39 64 99 69 38 0
19 Nov 0 0 10 30 126 146 105 84 0
MeanT 20.6 18.7 16.1 20.1 18.5 18.3 18.8 18.8 19.1
MaxT 27.3 28.8 21.6 26.8 27.8 28.2 27.8 27.8 27.7
MinT 13.8 8.5 10.5 13.3 9.3 8.4 9.7 9.7 10.4
Mean RH 56.5 51.2 57.0 68.0 67.0 56.5 52.8 53.9 49.3
Weather and powdery mildew
 Contrary to the population of aphids, powdery mildew infestation was high in early 
sowing conditions and low in late sown conditions. Peak infestation was observed in third 
week of January in early sown crop and in first week of February in late sown crop. The peak 
infestation in third week of January was when mean temperature and RH were 18.5°C and 67 
percent, respectively.
Correlation studies
 Correlation of aphids population and powdery mildew intensity, separately with weather 
parameters during rabi 2008-09 (Table 5.3) showed that both the pests are negatively correlated 




Table 5.3.  Correlation of aphids and powdery mildew (PDI) and weather parameters in 












5 Oct -0.380 -0.469 -0.078 0.721
20 Oct -0.239 -0.158 -0.202 0.756
4 Nov -0.241 0.091 -0.483 0.423
19 Nov -0.228 0.100 -0.472 -0.348
Aphids
5 Oct -0.112 0.121 -0.267 0.513
20 Oct -0.215 0.148 -0.432 0.298
4 Nov -0.103 0.273 -0.428 0.336
19 Nov -0.129 0.322 -0.520 0.279
CHICKPEA
Faizabad
 To study the effect of weather on pod borer population intensity in chickpea, appearance 
of pod borer was monitored at weekly interval during the entire growing period of the crop. 
Larval population per square meter showed highly significant positive relationship with 
maximum temperature and negative relationship with afternoon relative humidity (Fig.5.3). 
A unit increase in maximum temperature increases the population by 1.2 numbers and one 
percent increase in afternoon RH decreases the population by 1.4 numbers. It can be concluded 
from the study that higher maximum temperature and low relative humidity may cause 
higher incidence of pod borer population in chickpea.





 Population dynamics and weather effects of Heliocoverpa were studied. It was observed 
that first appearance of eggs of Helicoverpa armigera in chickpea was noticed during 49th SMW 
and it remained active upto 9th SMW and attained three conspicuous peaks in 1st, 3rd and 
7th SMW (1.3, 1.4 and 3.2 eggs/metre). Regression of H. armigera egg numbers with weather 
parameters brought out highly significant inverse curvilinear relationship between helicoverpa 
egg numbers and sunshine hours (Fig.5.4).
Fig.5.4.  Relationship between egg population of H. armigera and sunshine hours
 Egg numbers will be minimum around 6 to 7 hours of sunshine and sunshine hours 
beyond 7 hours cause steep increase in egg numbers of H. armigera in chickpea. Morning 
relative humidity, exhibited significant negative effect on egg population (Fig.5.5). It was 
observed from the study that low morning relative humidity and higher sunshine hours cause 
flare up of H. armigera egg population in chickpea crop.







 Prediction of various insect pests on grapes during post-rainy period of 2008 was 
monitored at weekly intervals and correlation of pest intensity with various meteorological 
variables at 0, 1, 2 and 3 weeks lead time (Table 5.4) showed that the incidence of various pests 
was negatively associated with weather variables.  
Table 5.4. Association of insect pests of grape with meteorological variables at different 









0 -0.61 -0.78 -0.04 0.35 -0.49 -0.40
1 -0.55 -0.79 -0.28 -0.25 -0.48 -0.41
2 -0.64 -0.64 -0.08 -0.35 -0.31 -0.49




0 -0.74 -0.78 -0.25 0.26 -0.47 -0.43
1 -0.49 -0.90 -0.13 -0.43 -0.61 -0.43
2 -0.51 -0.79 0.08 -0.54 -0.48 -0.57





0 -0.58 -0.66 0.04 0.44 -0.46 -0.21
1 -0.69 -0.49 -0.42 -0.26 -0.05 -0.24
2 -0.64 -0.39 -0.37 0.01 -0.13 -0.61
3 -0.78 -0.45 -0.54 -0.16 0.05 -0.26
 Correlation analysis of the pooled data over the years 2006-2008 (Table 5.5) indicated 
that flea beetle and thrips were adversely affected by minimum temperature followed by 
maximum temperature and RH2 at all the lead times. 
Table 5.5. Association of insect pests of grape with meteorological variables at different 









0 -0.41 -0.57 0.34 0.09 -0.37 -0.35
1 -0.48 -0.50 0.09 0.05 -0.21 -0.31
2 -0.34 -0.46 0.21 -0.14 -0.29 -0.27











0 -0.21 -0.46 0.24 -0.42 -0.40 -0.27
1 -0.23 -0.43 0.23 -0.32 -0.28 -0.26
2 -0.21 -0.44 0.21 -0.42 -0.33 -0.30





0 -0.14 -0.30 0.15 -0.33 -0.26 -0.27
1 -0.02 -0.18 0.10 -0.17 -0.14 -0.20
2 0.00 -0.11 0.01 -0.14 -0.10 -0.25
3 0.05 -0.10 -0.01 -0.25 -0.14 -0.15
MANGO
Dapoli
 The average population of mango hopper along with maximum and minimum 
temperature during weeks 42nd to 9th SMW (Table 5.6) showed peak intensity of mango hopper 
in 2nd SMW (flowering initiation phase) and next highest intensity in 1st SMW. The sudden drop 
in maximum and minimum temperatures from 33.1 and 15.2°C, respectively in 51st SMW to 
31.8 and 11.2°C, respectively in 52nd SMW might have favoured congenial weather conditions 
for reaching high intensity.






42 33.9 19.9 0
43 33.2 15.7 15
44 33.3 16.2 13
45 34.0 16.0 15
46 32.4 16.8 27
47 34.1 19.1 17
48 32.1 17.6 15
49 33.6 16.2 21
50 33.1 15.0 40
51 33.1 15.2 38
52 31.8 11.2 41
1 30.7 12.9 133








3 32.2 12.7 48
4 33.3 13.1 23
5 32.7 13.1 11
6 31.6 11.9 123
7 31.6 12.2 48
8 35.3 13.3 21
9 34.4 13.9 4
 Relating weekly intensity of mango hopper with corresponding weekly maximum 
temperature (Fig.5.6), it was observed that mango hopper population showed highly significant 
parabolic relationship with maximum temperature. Maximum temperature of range 33 to 
34°C is not congenial for hopper population and maximum temperature above or below this 
range is favourable for hopper population in mango.
Fig.5.6. Relationship of mango hopper with maximum temperature at Dapoli
Jabalpur
 Population dynamics of mango hopper was monitored and its relationship with weather 
was studied. At Jabalpur centre, the first appearance of eggs was observed during 45th SMW 
and remained active upto 22nd SMW and attained three conspicuous peaks in 51st, 11th and 
15th SMW (13.1, 21.5 and 17.1 hoppers/44.2 cm2). Correlation of hopper population with 
weather factors, revealed that maximum and minimum temperature exhibited significant 
positive effect (r = 0.86 and 0.87, respectively) and morning and evening relative humidity 
exhibited significant negative effect on hopper population (r = -0.88 and -0.64, respectively). 
The significant influence of maximum and minimum temperature on hopper population 
(Fig.5.7), brought out that higher maximum and minimum temperatures are congenial for 
hopper population in mango.
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 For developing simple weather-disease models for prediction of Karnal bunt disease 
in wheat in Sirsa zone of Haryana, 15 years disease data on Karnal bunt was related with 
meteorological parameters during 6 to 12 SMW (5 Feb to 25 March). The coefficient of 
correlation between Karnal bunt infection (%) and individual meteorological parameters 
(Table 5.7) showed that rainfall, minimum temperature, sunshine hours and evaporation rate 
during 6th SMW were the most important weather parameters for development of disease. 
Also rainfall, sunshine hours and evaporation during 8th and 9th SMW were identified for their 
favourable role in further multiplication of secondary sporadia.
Table 5.7.  Correlation coefficients between meteorological parameters and average Karnal 
bunt  infection (%) in wheat  
Weather parameter
Standard Meteorological Week
6 7 8 9 10 11 12
Maximum temperature 0.03 0.21 -0.34 -0.51* -0.38 -0.33 -0.26
Minimum temperature 0.71* 0.45* -0.17 0.35 0.38 0.30 0.19
Morning relative humidity 0.20 0.35 0.14 0.27 0.82* 0.68* 0.54*
Evening relative humidity 0.37 -0.22 0.05 0.41 0.63* 0.65* 0.45*
Sunshine hours -0.48* -0.43 -0.21 -0.56* -0.62* -0.68* -0.32
Evaporation -0.51* -0.49* -0.55* -0.55* 0.48* -0.42 0.35
Rainfall 0.57* 0.26 0.47* 0.48* 0.54* 0.53* 0.35
* Significant at 5% level
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 To assess the influence of weather parameters on powdery mildew disease, percentage 
disease index of this disease in blackgram cv Co-5 sown on 10 Oct 2008 was observed at 5 days 
interval from 15th day of sowing to 65th day of the crop.  Percent disease index (PDI) at different 
dates of crop growing period were related with maximum and minimum temperature and 
morning relative humidity collected from the nearby meteorological observatory on those 
particular dates. Disease data was also correlated with maximum temperature and morning 
relative humidity collected from the crop canopy. Out of all these weather parameters, 
minimum temperature collected from the observatory showed highly significant adverse 
relationship with PDI (Fig.5.8).  The relationship showed that minimum temperature around 




 To study the influence of weather elements on the incidence of bacterial blight disease 
in cotton under rainfed conditions, percent disease index in cotton cv KC-2 sown on 3 Oct 
2008 was monitored at weekly interval from 51 to 8 SMWs. The weather conditions like 
temperature and relative humidity inside the crop canopy and also the weather parameters, 
viz., maximum and minimum temperature, rainfall and average relative humidity from the 
nearby meteorological observatory were monitored during the weeks 51 to 8 SMWs. Relating 
the PDI values with weather parameters collected from the observatory (Fig.5.9), it was 
observed that out of all the weather parameters collected from the observatory, only maximum 
and minimum temperature could show highly significant positive and negative relationship 
with PDI, respectively. The unit increase in maximum temperature increased PDI by 6.1 
percent and in minimum temperature decreased PDI by 3.9 percent. The temperature and 
relative humidity recorded inside the canopy showed near significant positive relationship 
with PDI of bacterial blight in cotton.





 To study the interaction of weather factors on grain mould incidence in sorghum under 
rainfed vertisols of Kovilpatti, sorghum cv K-8 was sown on 28 Sept 2008, PDI at weekly 
intervals was monitored from the date of germination, i.e., 40 SMW to 9 SMW. Analyzing the 
incidence and progress of grain mould disease in relation to the weather conditions inside 
the canopy and at the nearby meteorological observatory, it was observed that sudden drop 
in temperature inside the canopy by 1.3°C and also at observatory by 2.1°C associated with 
increase in relative humidity both inside canopy (5%) and at observatory (6%) in 3rd SMW 
from the previous week (24 SMW) triggered the incidence of grain mould disease.  Intensity of 
disease was, however, related negatively and significantly with relative humidity inside and 
outside the canopy as revealed by the following equations:
 PDI = 376 – 3.7 RHc  R2 = 0.85**
 PDI = 344 – 3.4 RHo  R2 = 0.84**
Where RHc and RHo, respectively, are relative humidity values recorded at canopy and 
observatory.
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Mohanpur
 Percentage disease incidence (PDI) of potato late blight during crop growing period 
was analyzed in relation to variations in weather parameters, viz., maximum and minimum 
temperature, relative humidity, soil moisture, soil temperature, etc. Out of all the weather 
parameters, maximum temperature showed highly significant positive relationship with late 
leaf blight in potato (Fig.5.10).  Soil temperature also showed significant relationship with late 
blight (R2 = 0.78). Pooled data over last 3 years on late blight showed negative relationship with 
diurnal temperature range (Fig.5.11) as the PDI is showing increasing trend with declining 
temperature range.
Fig.5.10. Variations of different meteorological parameters and PDI of late blight during 
2009 at Mohanpur.
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 Aphids population in safflower showed curvilinear relationship with minimum 
temperature during the crop growing period (Fig.5.12).  It can be inferred from the aphids and 
weather relationship that minimum temperature of 16 to 17°C is congenial weather condition 
for peak attack of aphids in safflower.







 Crop-weather relationship in castor crop was studied by exposing three varieties, viz, 
AKC-1, DCH-177 and GCH-4 to four different environments by sowing them on four dates of 
sowing, viz., 6, 20 July, 4 and 21 Aug 2009.
Heat use efficiency
 Heat use efficiency with respect to both seed and biomass production (HUE) was found 
to be highest for early sown crop (6th July) and it decreased with delay in sowing (Table 6.1). 
Among the castor varieties, heat use efficiency with respect to both seed yield and biomass 
were higher in GCH-4 and lowest in DCH-177.
Table 6.1.  Heat use efficiency of castor varieties in terms of seed and biomass production 
(kg ha-1 °C day-1) under different dates of sowing at Akola during kharif 2009
Varieties
Sowing dates
MeanD1 – 27 MW
(06.07.09)
D2 – 29 MW
(20.07.09)
D3 – 31 MW
(04-08-09)
D4 – 34 MW
(21-08-09)
AKC-1 (V1) 0.41 (1.07) 0.34 (1.04) 0.31 (1.07) 0.20 (0.93) 0.22 (1.03)
DCH-177 (V2) 0.44 (1.23) 0.35 (0.99) 0.18 (0.58) 0.10 (0.63) 0.28 (0.86)
GCH-4 (V3) 0.56 (1.43) 0.43 (1.27) 0.28 (0.99) 0.29 (1.03) 0.40 (1.18)
Mean 0.47 (1.24) 0.38 (1.10) 0.26 (0.88) 0.20 (0.862)
Yield and weather
 Correlation coefficients of castor seed yield with different weather parameters prevailed 
during different phenological stages of the crop (Table 6.2) were worked out.  Among the 
weather parameters and weather indices, minimum temperature, mean temperature, average 
relative humidity, rainfall, growing degree days, heliothermal units and soil moisture 
showed highly significant positive relationship seed yield. All the weather parameters / 
indices showed highly significant positive relation with yield during seed development in 
secondary and tertiary spikes stage. Growing degree days at all the stages of crop showed 
highly significant positive relationship with seed yield.  Rainfall and soil moisture during 


















































































































































































































































































































































































































































Effect of diurnal temperature range on seed yield
 The average maximum and minimum temperature during flowering phase (Fig.6.1) 
showed that diurnal temperature range was less in case of early sowing (D1) and it progressively 
increased with each delay in sowing to reach maximum in late sowing (D4). The pattern of 
DTR was closely related to the decreasing pattern of yield from early sowing to late sowing. 
It can be inferred that the lesser the DTR the more the seed yield and vice versa.
Fig.6.1. Effect of temperature on yield of castor at Akola during kharif 2009
Influence of seasonal rainfall and moisture use on yield
 Seed yield of castor as well as rainfall, actual water use, potential water use, water 
requirement satisfaction index (WRSI), rain water use efficiency (RUE) and water productivity 
in four dates of sowing and three varieties (Table 6.3) showed that highest yield of castor 
achieved under early sowing date was due to receipt of higher seasonal rainfall and its 
moisture use. All these parameters decreased with delay in sowing resulting in decreasing 
yield. Among the varieties, GCH-4 could achieve highest yield due to higher water use and 
seasonal rainfall during its growing period than in other cultivars.




















- 27 SMW 13.77 465.9 431.8 531.7 81.2
D
2
- 29 SMW 10.13 391.6 376.6 488.5 77.1
D
3
- 31 SMW 6.56 328.1 336.7 452.7 74.4
D
4




-  AKC-1 8.74 373.2 363.4 469.9 77.1
V
2
-  DCH-177 7.31 365.3 355.9 461.1 77.2
V
3





 To study the effect of rainfall and dry spells on ground yield, three varieties of groundnut, 
viz., Vemana, K-6 and K-1271 were subjected to two moisture regimes, viz., rainfed and 
irrigated that were grown under three micro-environments by sowing them on three dates, 
viz., 9, 24 July and 8 Aug 2009.
 All the varieties under early, normal and late sown conditions experienced dry spells of 
44, 39 and 55 days, respectively during pod development stage resulting in yield reduction of 
47-55 percent in Vemana, 26-67 percent in K-6 and 43-61 percent in K-1271 over the yields of 
these varieties grown under irrigated conditions (Table 6.4). 
 Though total rainfall and rainy days from emergence to pod development were less in 
early sown conditions compared to normal or delayed sowing conditions, crop under early 
sowing achieved higher yield and yield attributes. Lesser percentage of yield reduction in all 
three varieties in the early sown conditions was due to higher rainfall, rainy days and no dry 
spell during pegging and pod initiation stages.  Yield and yield attributes in normal sowing 
was lowest and percentage reduction in yield was highest due to lowest rainfall and rainy 
days experienced during pegging and initiation stages and dry spell of 5 days duration in pod 
initiation stage.  Shelling (%) and test weight were observed to be related with rainfall and 
rainy days during pod initiation to pod development stage, as late sown crop with highest 
rainfall during these stages (204.8 mm) recorded highest shelling and test weight followed by 
early and normal sowings with rainfall of 198.4 and 1.67.6 mm, respectively.
Bangalore
 Crop-weather relationship in groundnut was studied by growing three varieties, viz., 
TMV-2 (V1), JL-24 (V2) and K-134 (V3) in two varied environmental conditions by sowing them 
on 3rd Aug (D1) and 20th Aug (D2) of the year 2009.  Yield and weather parameters during total 
growing period as well as at reproductive period (Table 6.5) showed that yield under late 
sown conditions was very low compared to early sown conditions due to lesser rainfall, rainy 
days and evapotranspiration in case of late sown crop.  Besides higher rainfall, rainy days and 
Evapotranspiration, higher temperatures during normal sown crop (D1) resulted in higher 


































































































































































































































































































































































































































































































































































































































































 To study the effect of weather on transplanted rice, an experiment with three varieties viz., 
Mahsuri, Maniram and Piolee with three micro climatic regimes or three dates of transplanting, 
viz., 30 June, 17 July and 8 Aug was conducted during kharif 2009. It was understood from 
regression equations relating grain yield of Sali rice with mean meteorological parameters 
during three important growth stages (Table 6.6), that rainfall (ADRF) at all the stages are 
positively related with yield.  
Table 6.6. Regression equations relating yield and mean meteorological variables in Sali 
rice at Jorhat during kharif 2009
Growth stage Regression equation R2
Panicle initiation Y = 2309.63 + 3.78ADRF 0.757
Flowering Y = 1.60AMXT – 163.05 0.857
Y = 0.57AMRH – 385.27 0.762
Y = 2721.61 + 2.72ADRF 0.836
Maturity Y = 338.23 + 1.17AMET 0.903
Y = 3134.07 + 2.06ADRF 0.746
 Accumulated mean temperature (AMET) during maturity stage influenced yield 
positively. Similarly, maximum temperature and relative humidity during flowering stages 
were also positively related with grain yield.  The positive effect of rainfall during maturity 
and panicle initiation stage is shown in Fig.6.2.





 To study the crop-weather relationship in rice and to identify heat tolerant varieties, 
six varieties of rice, viz., PHB-71, PAC-832, NDR-359, CSR-27, Pant-10 and Sarjoo-52 were 
exposed to three varied sets of weather conditions by transplanting them on 12, 22 July and 1 
Aug 2009.
Heat Use Efficiency (HUE)
 Heat use efficiency with respect to grain yield and biomass production of six varieties 
under three dates of sowing (Table 6.7) brought out that the varieties PHB-71, PAC-832 and 
NDR-359 achieved higher HUE than the other three varieties under all the dates of sowing. 
All the varieties under early sown conditions recorded higher HUE (with respect to both grain 
and biomass yield) and successive delay in sowing caused reduction in HUE.




Total bio-mass Grain yield (kg/ha)




















Yield and weather relationship
 Yield of rice varieties over different growing environments were analyzed in relation 
to important weather parameters prevailed during vegetative and reproductive periods of 
crop. Out of all the weather parameters, maximum (MXT), minimum (MNT) and average 
temperature (AVT) during vegetative period could show significant relationship (positive 
relation) with grain yield, as revealed by the following equations:
 Y = -17544 + 629.3 MXT R2 = 0.34**
 Y = -6987 + 2788 MNT R2 = 0.30*
 Y = -28172 + 1058.2 AVT R2 = 0.34**
 Not only temperature but also the diurnal temperature range during the vegetative 
period showed highly significant positive relationship with yield (Fig.6.3). However, the 
same parameters during reproductive period could not significantly influence the yield. 
Effect of rainfall during reproductive period was positive and during vegetative period was 
negative, though both the effects are falling little short of significance (significant at P = 0.06). 
These weather parameters could explain about 30 to 34 percent of variability (though highly 
significant R2) because of pooling of yield data of genotypes with huge differences in genetic 
potential.
Fig.6.3.  Influence of diurnal temperature range (DTR) during vegetative period on rice 
yield at Kanpur
Ludhiana
 To study the influence of weather on yield and its attributes of rice cultivars, PAU-
201, grown under two irrigation treatments, viz., irrigation at 2 and 3 days after depletion of 
ponding water, the crop was transplanted in two dates, viz., 15 and 29 June 2009. Yield and 
yield attributes in association with weather indices, viz., growing degree days (GDD), photo-
thermal units (PTU) and heliothermal units (HTU) during total growing period of the crop 
(Table 6.8) showed that not only yield but also the yield attributes of crop are higher when 
GDD, PTU, HTU are higher and vice versa.
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Table 6.8.  Yield and yield attributes of rice cultivar PAU-201 under different environments 
at Ludhiana durin kharif 2009
Yield and Yield attributes
D1-15 June D2 – 29 June 
I1 I2 I1 I2
Number of tillers (#/m2) 435.9 423.5 392.7 377.8
Number of panicle (#/m2) 394.4    389.6 384.5 364.7
Number of grains/ panicle 102.5 101.4 101.6 101.8
Grain weight/ panicle (g) 2.09 2.01 2.38 2.39
1000 grain weight (g) 22.8 22.5 22.6 22.2
Biological yield (q/ ha) 141.8 146.6 130.9 124.5
Straw yield (q/ ha) 83.5 90.6 75.8 72.0
Grain yield (q/ ha) 58.3 56.0 55.1 52.5
Harvest index 0.41 0.38 0.44 0.44
Weather indices
GDD (°C day) 3041 3008 2777 2763
PTU (°C hrs) 40759 40377 37319 36465
HTU (°C hrs) 25451 25129 23319 2264
I1 and I2 are irrigation two days and 3 days after depletion of moisture respectively
Mohanpur
 To study crop-weather relationship in rice, three varieties of rice, viz., pre-released, local 
(Baismukhi) and Satabdi (IET-4786) were transplanted on three different dates, i.e., 16 June, 30 
June and 14 July 2009.
Biomass-radiation relationship
 The relationship between periodic biomass (g/hill) and accumulated solar radiation at 
those stages, presented in following equation shows curvilinear relation between biomass and 
radiation. It is understood from the equation that nearly 71 percent of variation in biomass can 
be explained by radiation (Rad).
 Biomass = -0.005 Rad2 + 0.80 Rad + 16.5 R2 = 0.71*
Biomass and cumulative rainfall
 The relationship between biomass yield (g/hill) and stage-wise cumulative rainfall (CRF) 
showed significant positive linear relationship between them (Fig.6.4). This relations show 
that cumulative rainfall explains 80 percent variation in biomass.  Increase in rainfall by 1mm 
increase biomass by 0.05 g/hill.
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Fig.6.4. Influences of cumulative rainfall on biomass of rice crop at Mohanpur during kharif 2009
 
Y = 0. 0539x - 7.7046

















Y  = -0.0029 x2 + 5.6395x + 31.12




















Influence of rainfall in yield
 Rice yield showed highly significant curvilinear relationship with total rainfall during 
crop growing period (Fig.6.5).  Rainfall during the crop growing period could explain 87 per 
cent variation in yield.
Fig.6.5. Relation between accumulated rainfall and rice yield at Mohanpur during kharif 2009
Raipur
 The crop-weather relationship in rice was studied by exposing three varieties, viz., 
Chandrahasini, MTU-1010 and Mahamaya to three micro-environments by sowing them on 
three dates, i.e., 20 June, 30 June and 10 July 2009.
Heat use efficiency (HUE)
 It was observed from HUE of rice varieties under different sowing dates (Table 6.9) 
that cultivars Mahamaya and MTU-1010 achieved comparatively higher HUE compared to 
Charanahasini at all the sowing dates. Contrary to the results obtained earlier, delayed sowing 




Table 6.9.   Heat use efficiency (g/m2/°day) of rice varieties as influenced by different sowing 
dates at Raipur during kharif 2009
Varieties 
HUE (g/m2/°day)
D1-20 June D2-30 June D3-10 July Mean
Chandrahasini 0.36 0.34 0.38 0.36
MTU 1010 0.47 0.50 0.52 0.50
Mahamaya 0.46 0.50 0.54 0.50
Mean 0.43 0.44 0.48 0.45
Ranchi
 Crop-weather relations in rice were studied by exposing three varieties of rice, viz., 
Vandana (V1), BVD-109 (V2) and BVD-111 to three sets of weather conditions, by adopting 
three staggered sowing dates, i.e., 1 July, 11 July and 22 July 2009.
Heat and water use efficiency
 Heat use efficiency (HUE) and water use efficiency (WUE) of three varieties under three 
dates of sowing (Table 6.10) revealed that HUE and WUE of varieties vary under different 
dates of sowing.  The crop cultivar Vandana recorded highest HUE as well as WUE under 
early sowing (1 July) conditions and both of them decreased with each delay in sowing. 
However, both the varieties BVD-109 and BVD-111 produced highest HUE and WUE under 
normal sowing (11 July) conditions and their HUE or WUE decreased under either early or 
late sown conditions.
Table 6.10.  Heat and Water use efficiency of three upland rice varieties in different dates 
of sowings at Ranchi during kharif 2009
Variety 1 July 11 July Late
Heat Use Efficiency (kg/ha/°C)
Vandana 1.19 1.12 1.00
BVD-109 0.94 1.21 1.10
BVD-111 0.91 1.28 0.67
Water use Efficiency (kg/ha/mm)
Vandana 32.5 30.5 25.9
BVD-109 24.9 32.8 28.5




 The normal date (11 July) sown crop produced higher grain yield compared to earlier 
or late sown conditions due to higher rainfall, favourable soil moisture during reproductive 
period and optimum temperature and sunshine hours during its growing period (Table 6.11). 
The late sown crop produced lowest yield due to low rainfall and temperatures during its 
reproductive period.


















1 July 1460 963 449 26.2 24.7 393 19.6
11 July 1720 963 472 25.8 24.6 423 19.7
22 July 1260 850 159 25.6 23.3 482 18.2
Samastipur
 To study the effect of weather during different stages of crop on yield, three varieties  of 
rice, viz., Rajendra Suhasini, Rajendra Bhagwati and Rajendra Kasturi were grown under four 
sets of weather conditions imposed by four staggered dates of sowing, viz., 31 May, 14 June, 
28 June and 12 July 2009. Yield of rice under four dates of sowing in association with weather 
conditions during different stages of the crop (Table 6.12) brought out that yield was influence 
by rainfall from transplanting to dough stage and temperature during reproductive period. 
The crop sown on 31 May achieved highest yield (3970 kg/ha) due to higher rainfall (634 mm) 
during transplanting to dough stage and higher temperature during reproductive period.  The 
12 July sown crop recorded lowest yield (3290 kg/ha) due to the receipt of lower rainfall (394 
mm) during transplanting to dough stage and lower temperature during 50 percent ear head 
emergence to dough stage.











31 May 27.6-34.5 30.3 634.4 3970
14 June 24.9-32.9 28.9 540.8 3660
28 June 18.8-33.5 25.0 546.1 3710





 Crop-weather relations in sunflower were studied for last four years by sowing four 
varieties, viz., KBSH-1, GK-2002, SB-275 and NSP 91-1(E) on three dates of sowing, viz., 28 Aug, 
11 Sept and 25 Sept.  Analyzing yield over the last four years in relation to weather parameters 
during different phenological stages, it was observed that afternoon relative humidity during 
germination and seedling stage, minimum temperature in flower bud initiation and flowering 
stages positively affected the seed yield (Fig.6.6).
Fig.6.6. Influence of minimum temperature at (a) flower bud initiation stage and (b) grain 
yield of sunflower at Bijapur during kharif 2009
SOYBEAN
Akola
 To study the crop-weather relationship, three varieties of soybean, viz., JS-335, TAMS-38 
and TAMS-98-21 were exposed to four sets of weather conditions by sowing the crop on four 
dates, viz, 1, 8, 15 and 23 July 09.
Radiation interception in relation to leaf area
 Radiation interception (%) during flowering and pod formation in all the three varieties 
and dates of sowing were related with leaf area (per plant) of respective varieties and dates of 
sowing during those phenological (Fig.6.7).  Radiation interception showed highly significant 
positive relationship with leaf area of each of the three varieties.  Among these three varieties, 
rate of interception of radiation with unit increase in leaf area is highest, i.e., 6.1 in TAMS-98-





Fig.6.7. Relationship between leaf area index and radiation interception at Akola during kharif 2009
Heat and water use efficiency
 Heat and water use efficiency with respect to yield (Table 6.13) showed that early sown 
crop registered highest heat and water use efficiency compared to the crop sown beyond 15 
July. Among the varieties JS-335 showed highest heat and water use efficiencies.
Table 6.13.   Heat and water use efficiency of soybean varieties sown on four different dates 
during kharif 2009 at Akola




1 July 0.60 3.52
8 July 0.53 3.19
15 July 0.42 2.55
23 July 0.40 2.71
Variety 
JS-335 (V1) 0.52 3.21




Effect of moisture, radia-
tion and thermal regimes 
on yield and yield attri-
butes
 Seed yield, biomass and 
other yield attributes along 
with weather parameters 
(Table 6.14) brought out that 
highest yield and yield at-
tributes could be achieved in 
early sown (1 July) crop due 
to higher rainfall, moisture 
use and accumulated grow-
ing degree days experienced 
during the total crop grow-
ing period and higher inter-
ception of radiation during 
flowering and pod formation 
stages.  With successive delay 
in sowing, the crop received 
reduced amount of rainfall, 
water use and other weather 
parameters and as a result 
produced lesser yield and 
yield attributes. Compara-
tively, lower moisture, radia-
tion and thermal regime ex-
perienced by TAMS-38 than 
other varieties reflected in its 
lower seed and biomass yield 




































































































































































































































































































































































      Studies on crop-weather re-
lationship in soybean in kharif 
2009 were taken up by sowing 
three varieties, viz., Js-335, js-
93-05, js-97-52 on three dates 
of sowing, i.e., 6, 24 July and 3 
Aug.  Yield and yield attributes 
of varieties along with weather 
parameters and weather indi-
ces (Table 6.15) showed that 
yield and yield attributes were 
more related to rainfall during 
reproductive period.  All the 
varieties sown on early data re-
corded higher seed yield than 
in late sown condition due to 
higher growing degree days 
and photothermal units record-
ed by early sown crop varieties 
than in late sowing conditions. 
Besides better moisture condi-
tions during reproductive pe-
riod higher photo and thermal 
conditions are also required for 































































































































































































































































































































































 To study the crop-weather relationship in soybean, six varieties of soybean, viz., Maus-2, 
Maus-32, Maus-47, Maus-71, Maus-81 and JS-335 were sown on 8, 15, 22 and 29 July 2009. 
This study is in progress sine the year 2003.
 Seed yield of soybean crop under four dates of sowing over the years 2003 to 2009 were 
correlated with weather parameters during different phenological stages of crop in respective 
sowing dates and years (Table 6.16). Correlation studies brought out that rainfall and rainy 
days during pod and seed development stages had significant positive relationship with yield. 
Maximum temperature during pod development to seed development stages and minimum 
temperature during all the stages from pod formation to pod development showed highly 
significant negative relationship with yield. However, mean temperature at all the individual 
stages as well as over all the four stages showed highly significant negative relation with 
seed yield. Higher morning, afternoon and mean relative humidity during pod to seed 
development stages positively influenced seed yield while sunshine hours during these two 
stages adversely affected the seed yield.
Table 6.16.  Correlation coefficient between seed yield and weather variables prevailed in 









development P5 to P8
P5 P6 P7 P8
Rainfall -0.092 -0.015 0.146* 0.346** 0.099**
R.Days 0.112 0.104 0.296** 0.235** 0.187**
Max.T. -0.151** -0.083 -0.317** -0.472** -0.247**
Min.T. -0.184** -0.221** -0.215** -0.063 -0.134**
MeanT -0.241** -0.189** -0.338** -0.308** -0.267**
RHI 0.253** 0.159** 0.335** 0.444** 0.290**
RHII 0.114 -0.068 0.271** 0.345** 0.161**
RHmean 0.164** 0.010 0.294** 0.390** 0.211**
BSS -0.087 -0.049 -0.191** -0.387** -0.163**
SMC 0.023 0.047 0.048 0.142* 0.062





 To study the effect of weather conditions on seed yield of cotton, the crop variety NHH-
44 was subjected to six different micro-environments, by sowing the crop on six dates, viz., 
22 June, 29 June, 6 July, 13 July, 20 July and 27 July 2009. Correlation coefficients of seed yield 
pooled over 12 years with weather parameters during various phenological stages (Table 6.17) 
brought out that rainfall could show significant positive relation only during boll setting to boll 
bursting stage.  Relative humidity (morning, afternoon and mean) could influence seed yield 
positively and significantly in all the stages from flowering to second picking. The sunshine 
hours, however, were negatively related with seed yield, during boll setting to second picking. 
These relations further revealed that humid conditions favoured proper boll development 
and achieved higher seed cotton yield.
Table 6.17.  Correlation co-efficient exhibited by weather parameters prevailed in different 
phenophases with seed cotton yield at Parbhani during kharif 2009
Parameters P1 P2 P3 P4 P5 P6 P7 P8 Pooled
Rainfall 0.11 0.08 -0.02 0.15 -0.14 0.27** 0.05 -0.07 0.05
RD 0.09 -0.26** -0.11 0.29** -0.04 0.42** 0.10 0.05 0.03
Tmax 0.17 0.18 0.18 -0.02 -0.07 -0.15 0.20* 0.02 0.07*
Tmin -0.01 -0.01 -0.24** -0.27** -0.09 0.18 0.17 -0.03 0.01
Tmean 0.15 0.12 0.03 -0.18 -0.11 0.10 0.17 -0.04 0.02
RHI 0.24** 0.11 -0.01 0.31** 0.37** 0.68** 0.41** 0.37** 0.24**
RH II 0.05 -0.05 -0.10 0.100 0.25** 0.526** 0.60** 0.38** 0.10
RH mean 0.13 0.03 -0.07 0.19 0.30** 0.60** 0.69** 0.48** 0.16
BSS -0.14 -0.17 -0.00 -0.09 -0.16 -0.49** -0.21* -0.20* -0.09
* = Significant at 5% level,  ** = Significant at 1% level,  P1 = Sowing to emergence;  P2 = Emergence to seedling; P3 = Seedling to square formation; P4 = Square 
formation to flowering; P5 = Flowering to boll setting;  P6 = Boll setting to boll bursting; P7 = Boll bursting to 1st picking; P8 = 1st picking to 2nd picking
PIGEONPEA
Bangalore
Weather effect on yield
 Seed yield of three varieties of pigeonpea, viz., TTB-7, Hyd-3C and BRG-1 grown under 
three micro-environments on 20 May. 6 July and 18 Aug 2009 (dates of sowing) as well as 
rainfall and rainy days during their total growing period and at crucial growth stages (Table 
6.18) showed that higher rainfall and number of rainy days during the total growing period 
helped in achieving highest yield in early sown crop (D1) compared to yield under late sowings. 
Moreover, terminal stress conditions due to less rainfall in lesser number of rainy days during 
90 days after sowing to harvest adversely affected the yield of all the late sown crop varieties. 
Among the varieties, BRG-1 produced lower yields in all dates of sowing.
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Table 6.18.  Seed yield (kg/ha) of pigeonpea and rainfall during crop growing period at Bangalore
Treatment Seed yield (kg/ha)
Total growing period 90 DAS to harvest
Rainfall Rainy days Rainfall Rainy days
D1V1 1299 557 31 307 19
D1V2 1212 557 31 307 19
D1V3 1007 557 31 307 19
D2V1 818 471 30 69 8
D2V2 879 471 30 69 8
D2V3 610 471 30 69 8
D3V1 414 367 25 49 5
D3V2 432 367 25 49 5
D3V3 391 367 25 49 5
D1 = 20 May; D2 = 6 July; D3 = 18 August; V1 = TTB-7; V2 = Hyd-3C and V3 = BRG-1
Faizabad
 To study the crop-weather relationship in pigeonpea, three varieties of pigeonpea, viz., 
N. Arhat-1, N.Arhar-2 and Bahar were grown in three micro-environments affected through 
staggered sowing dates, viz., June 30, July 10, and July 20 in kharif 2009.
Radiation Use Efficiency (RUE)
 Radiation use efficiency of three varieties under three dates of sowing (Table 6.19) showed 
that RUE was lowest at 6-leaf stage and highest at pod initiation in all dates of sowing and 
varieties. The early sown (30 June) crop recorded higher RUE than late sown crop at all the 
phenological stages. Among the varieties, N.Arhar-2 recorded highest RUE at all the stages 
followed by N.Arhar-1 and Bahar varieties. The highest RUE in early sowing and variety 
N.Arhar-2 also reflected in the higher yield achieved by each of the treatments.














June 30 1.55 1.69 2.24 2.75 1.94 1.79
July 10 1.29 1.58 2.16 2.69 1.76 1.68
July 20 1.17 1.46 2.12 2.57 1.68 1.62
Genotypes
N Arhar-1 1.19 1.45 2.13 2.37 1.53 1.56
N.Arhar -2 1.20 1.52 2.16 2.54 1.69 1.72
Bahar 1.11 1.34 1.98 1.92 1.47 1.25
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Influence of weather on growth and yield
 Growth parameters, seed and biomass yield and yield attributes of pigeonpea along with 
weather conditions during the crop growing period (Table 6.20) showed that the crop sown 
on early date (June 30) not only recorded higher seed and biomass yield but also produced 
higher yield due to higher moisture (rainfall) and thermal (high maximum and minimum 
temperature) during the growing period of the crop.
Table 6.20.  Seed and biomass yield, yield attributes and growth parameters along with weather 
conditions during the growing period at Faizabad
Treatments
Sowing dates Genotypes
June 30 July 10 July 20 N.Arhar-1 N.Arhar-2 Bahar
Seed yield (kg/ha 1865 1736 1620 1720 1890 1570
Biomass yield ( kg/ha) 13120 11960 10520 11240 12430 11220
No. of pods per plant 217 193 164 205 213 197
Number of seeds per plant 5.9 4.7 4.4 3.7 3.9 3.3
Plant height at harvest (cm) 216 208 199 207 213 200
No. of primary branches per plant 8.6 8.3 7.6 8.0 8.8 7.8
No. of secondary branches per plant 12.4 12.1 10.2 10.5 11.7 9.9
Maximum LAI 3.12 3.0 2.89 2.64 2.75 2.42
Total growing period
Rainfall (mm) 1002 933 895
Maximum temperature (°C) 29.0 28.6 28.3
Minimum temperature (°C) 16.9 16.3 15.7
MAIZE
Rakh Dhiansar
 To study the influence of weather parameters on development, growth and yield of maize, 
two genotypes, Kanchan-517 (V1) and Hybrid-4046 (V2) were sown on three dates of sowing, 
viz., 22 June (D1), 2 July (D2) and 12 July (D3) 2009.
Radiation use efficiency (RUE)
 Radiation use efficiency at four growth stages, viz., 15-30, 30-45, 45-60 and 60-75 DAS of 
maize were worked out by taking the ratio of biomass and absorbed PAR at each stage.  The 
periodic RUE in respect of cultivars, under three dates of sowing (Table 6.21) revealed that 
RUE was highest at 45-60 days in both the varieties and in first two sowing dates. However, 
highest RUE was achieved during 30-45 days under late sowing conditions.  Both the varieties 
recorded highest RUE during the crop period from 30 to 75 days under early sowing conditions 
and RUE decreased with each delay in sowing. Among the varieties, hybrid registered higher 
RUE than variety Kanchan in early sowing conditions.
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Table 6.21.  Radiation use efficiency in maize cultivars sown under different dates of sowing 
at Rakh Dhiansar during kharif 2009
Treatment
                                    Radiation Use Efficiency (g MJ-1)
15-30 DAS 30-45 DAS 45-60DAS 60-75DAS
D1V1 0.34 1.18 1.86 0.35
D1V2 0.36 1.36 2.22 0.67
Mean 0.35 1.27 2.04 0.51
D2V1 0.40 1.15 1.18 0.31
D2V2 0.41 1.16 0.94 0.58
Mean 0.41 1.15 1.06 0.45
D3V1 0.25 1.09 0.96 0.45
D3V2 0.27 1.11 0.66 0.60
Mean 0.26 1.10 0.81 0.53
Effect of weather on seed and dry matter yield
 Seed yield and total dry matter were separately correlated with weather parameters during 
different stages of the crop. The correlation coefficients (Table 6.22) brought out that both 
seed yield and total dry matter were significantly and positively correlated with maximum 
temperature and negatively correlated with rainfall during first 20 days of the crop.  However, 
rainfall at all stages, from tasseling stage (40 DAS) onwards have highly significant positive 
relationship with both seed yield and total dry matter of maize.
Table 6.22.  Correlation coefficients between weather parameters, seed yield and total dry 
matter in maize crop at Rakh Dhiansar during kharif 2009
DAS/Weather parameters Seed yield (kg/ha) TDM (kg ha)
10 days after sowing
Maximum Temperature 0.93** 0.96**
Minimum Temperature -0.098 -0.24
Rainfall -0.80 -0.88*
20 days after sowing
Maximum Temperature 0.96** 0.96**
Minimum Temperature -0.52 -0.41
Rainfall     -0.93** -0.91*
30 days after sowing
Maximum Temperature  0.61 0.50
Minimum Temperature    -0.40 -0.55
Rainfall    0.41 0.54
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DAS/Weather parameters Seed yield (kg/ha) TDM (kg ha)
40 days after sowing
Maximum Temperature 0.23 0.37
Minimum Temperature 0.55 0.67
Rainfall   0.92** 0.90*
50 days after sowing
Maximum Temperature 0.64 0.56
Minimum Temperature 0.80 0.76
Rainfall   0.94** 0.95**
60 days after sowing
Maximum Temperature -0.69 -0.79
Minimum Temperature 0.24 0.10
Rainfall  0.94** 0.94**
Udaipur
 To study the effect of weather on productivity of maize and also to study the micro-
climatic profile of the crop, three varieties, viz., HQPM-1 (V1), PEHM-2 (V2) and Pratap-1 
(V3) were sown on three dates–16 June, 30 June and 15 July 2009. Two additional row 
spacing treatments, 45 cm (R1) and 60 cm (R2) were also imposed to study the micro-climatic 
variation.
Micro-climatic variation
 Temperature profile at different heights within the crop at 55 and 70 days of crop (Table 
6.23) showed that varieties and row spacing did not influence air temperature at any height 
on 55th day of the crop. However, at 70 days after sowing, in wider row spacing (60 cm) higher 
temperature at different heights of crop were recorded compared to closure row spacing (45 
cm).
Table 6.23.  Temperature (0C) profile at 55 and 70 DAS in maize varieties at Udaipur
Height / 
varieties  
HQPM-1 PEHM-2 Pratap-1 
R1 R2 R1 R2 R1 R2
55 DAS
Ground 32.3 32.8 32.2 32.2 32.0 32.8
30 cm 32.5 32.5 32.2 32.5 32.0 32.6
60 cm 32.6 32.4 32.4 32.6 32.0 32.8
90 cm 32.7 32.4 31.9 32.4 31.9 32.6
70 DAS
Ground 31.0 33.1 32.2 34.0 32.5 33.0
30 cm 31.7 32.9 32.4 33.5 32.3 32.8
60 cm 31.5 32.7 32.5 33.2 32.6 32.6





 To assess the influence of weather variables on grain and fodder yield of kharif sorghum, 
crop variety Parbhani Sainath was exposed to four sets of weather variables by sowing the 
crop on four dates, viz., 14 June, 28 June, 12 July and 26 July 2009.  The yield of sorghum under 
four dates of sowing over the years 1996 to 2009 were correlated with weather parameters 
during different phenological stages of crop in respective sowing dates and years (Table 6.24). 
The results showed that rainfall and rainy days during milking and dough stages only showed 
significant and positive influence with yield. Maximum temperature at all the stages (except 
maturity) adversely affected the yield while minimum temperature at all the stages influenced 
the yield positively and significantly.  Temperature range exerted significant negative influence 
on yield at all the stages.  The morning, afternoon and mean relative humidity at all the stages 
showed significant positive relationship with yield.





Boot stage Flowering stage Milk stage
Dough 
stage Maturity
RF -0.06 0.09 0.48** 0.55** 0.07 0.10
RD -0.10 -0.01 0.42** 0.73** 0.15 0.12*
TMax -0.43** -0.51** -0.31** -0.44** 0.30* -0.29**
TMin 0.26* 0.30* 0.44** 0.66** 0.52** 0.31**
TMean -0.11 -0.10 0.19 0.50** 0.46** 0.21**
Trange -0.42** -0.51** -0.43** -0.73** -0.36** -0.42**
RHI 0.33** 0.32** 0.58** 0.55** 0.26* 0.37**
RHII 0.28* 0.25 0.40** 0.68** 0.39** 0.35**
RHmean 0.37** 0.29* 0.47** 0.62** 0.40** 0.37**
BSS -0.31** -0.34** -0.41** -0.32** -0.15 -0.28**
*  Significant at 5 %    **  significant at 1 %
 It can be concluded from these results that lower maximum temperature, higher minimum 
temperature and relative humidity through out the crop growing period are most favourable 





 To study the effect of temperature and moisture stresses on growth and yield of 
fingermillet, two varieties, viz., PRM-1 and local were sown on three dates of sowing, i.e., 16 
May, 26 May and 5 June 2009.
Crop growth and weather conditions
 Analysis of plant height, an indicator of crop growth, in relation to weather conditions 
during the crop growing period brought out plant height showed significant exponential 
relationship with growing degree days (Fig.6.8) and estimated actual Evapotranspiration 
(Fig.6.9) during growing period of the crop.
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Fig.6.8.  Relationship between plant height of 
fingermillet and growing degree days at 
Ranichauri
Fig.6.9.  Relationship between plant height of finger-
millet and actual evapotranspiration at Ran-
ichauri
Grain yield and weather conditions
 Grain yield of fingermillet varieties under three dates of sowing and the weather 
parameters at some important phenological stages (Table 6.25) showed that grain yield was 
found to be influenced by actual Evapotranspiration from germination to flowering and degree 
days from germination to tillering stages. In other words, higher temperature upto tillering 
stage and higher actual evapotrasnpiration till flowering stage helped both the varieties to 
achieve higher yield under 26 May and 5 June sown crop.
Table 6.25.  Yield of fingermillet and its association with growing degree days (GDD) and actual 
Evapotranspiration (AET) at Ranichauri during 2009
Date of sowing Variety
Grain yield 
(kg/ha)
AET (mm) GDD (°C days)
Germination to flowering Germination to tillering
16 May 2009 PRM-1 1706 269 628
Local 1550 269 628
26 May 2009 PRM-1 1784 273 667
Local 1901 273 667
5 June 2009 PRM-1 1471 253 586





 To study the performance of different short duration crops under dryland conditions 
and to work out the relationship of yield of those crops with different weather parameters, 
crops – soybean, blackgram, greengram, cowpea, groundnut, horsegram and mothbean 
were sown on five dates, i.e., in second fortnight of June, first and second fortnights of July; 
and August. Yield of each crop sown on five dates were related with important weather 
parameters during the growing period of each crop. Significant relations obtained between 
yield pooled over all dates of sowing and corresponding weather parameters (Table 6.26) 
revealed that yield of blackgram is positively and linearly related with cumulative moisture 
use while horsegram and soybean showed parabolic relationship with cumulative moisture 
use.  Maximum temperature showed significant parabolic relation with yield of all these crops 
except groundnut.  However, rainfall showed curvilinear relationship with yield of groundnut 
only.
Table 6.26.  Yield and weather relations in different dryland crops at Solapur
Crop Weather parameters Regression equation R2
Soybean Cumulative moisture use Y = -0.91 X + 0.001 X2 + 127.1 0.99
Maximum temperature Y = 554 – 41.1 X + 0.76 X2 0.93
Minimum temperature Y = -101.5 + 4.7 X 0.94
Blackgram Cumulative moisture use Y = -10.0 + 0.05 X 0.98
Maximum temperature Y = -3230 + 209.2 X – 3.4 X2 0.97
Horsegram Cumulative moisture use Y = -281.5 + 1.44 X – 0.001 X2 0.98
Maximum temperature Y = -14638 + 956.9 X – 15.6 X2 0.93
Cowpea Maximum temperature Y = -44078 + 2893 X – 47.5 X2 0.98
Groundnut Rainfall Y = -430.4 + 1.41 X – 0.001 X2 0.94
Mothbean Maximum temperature Y = - 6978 + 456.5 X – 7.5 X2 0.99
Contingency crop planning for delayed monsoon
 To identify suitable crop for contingent planning under delayed monsoon conditions, 
sixteen dryland crops, viz., pigeonpea, rabi sorghum (grain & fodder), cowpea (grain & fodder), 
sunflower, pearlmillet, soybean, horsegram, maize (fodder), clusterbean, castor, pearlmillet 
(fodder), Arborium cotton, groundnut and sesame were sown on three dates – first fortnight of 
August (S1), second fortnight of August (S2) and first fortnight of September (S3) during kharif 
2009.  The best two crops in terms of grain yield under each date of sowing and their moisture 
use efficiencies (Table 6.27) revealed that for August first fortnight sowing, pigeonpea is the 
best crop followed by pearlmillet, and for August second fortnight sowing pearlmillet is the 
best crop followed by clusterbean and for September first fortnight sowing, clusterbean is the 
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best followed by pearlmillet.  Interestingly, the best two 
crops identified in terms of yield were having highest and 






































































































































































































































 Accumulated growing degree days requirement, an important component in crop 
simulation modeling were worked out in three cultivars, AKC-1, DCH-177 and GCH-4, of 
castor under four dates of sowing during 27, 29, 31 and 34 SMWs. The accumulated growing 
degree days to reach various growth stages differed in different dates of sowing and cultivars 
(Table 7.1).
Table 7.1. Accumulated GDD (0C day) to attain various phenophases of castor at Akola
Phenophase V1- AKC-1 V2-DCH-177 V3-GCH-4 Mean
D1- 27 MW (06.07.2009)
Emergence 140.3 140.3 140.3 140.3
Vegetative stage* 669.7 630.9 718.5 673.0
Total 810 771.2 858.8 813.3
Spike initiation 218.1 203.3 201.6 207.7
Flowering 205.8 187.1 211.7 201.5
Capsule  formation 307.0 265.0 308.6 293.5
Seed development 355.0 371.6 359.1 361.9
Maturity(primary spike) 200.2 240.5 236.9 225.9
DM(secondary & tertiary spike) 848.3 797.8 767.8 804.6
Total 2134.4 2065.3 2085.7 2095.1
Total sowing to maturity 2944.4 2836.5 2944.5 2908.5
D2 - 29 MW (20.07.2009)
Emergence 130.5 130.5 130.5 130.5
Vegetative stage* 638.3 638.3 688.6 655.1
Total 768.8 768.8 819.1 785.6
Spike initiation 208.7 186.7 211.7 202.4
Flowering 235.3 208.5 216.3 220.0
Capsule  formation 260.3 261.4 244.4 255.4
Seed development 261.7 273.1 319.7 284.8
Maturity(primary spike) 208.4 202.9 229.3 213.5
DM(secondary & tertiary spike) 767.8 693.8 735.3 732.3
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Phenophase V1- AKC-1 V2-DCH-177 V3-GCH-4 Mean
Total 1942.2 1826.4 1956.7 1908.4
Total sowing to maturity 2711 2595.2 2775.8 2694.0
D3 - 31 MW (04.08.2009)
Emergence 329.4 329.4 329.4 329.4
Vegetative stage* 600.7 559.3 642.6 600.9
Total 930.1 888.7 972 930.3
Spike initiation 207.7 195.5 198.2 200.5
Flowering 197.7 168.0 181.6 182.4
Capsule  formation 206.7 219.5 204.2 210.1
Seed development 257.9 248.0 280.8 262.2
Maturity(primary spike) 149.8 177.9 142.9 156.9
DM(secondary & tertiary spike) 570.8 550.4 665.1 595.4
Total 1590.6 1559.3 1672.8 1607.6
Total sowing to maturity 2520.7 2448.0 2644.8 2537.8
D4 - 34 MW (21.08.2009)
Emergence 147.6 131.6 131.6 136.9
Vegetative stage* 583.3 618.4 639.0 613.6
Total 730.9 750 770.6 750.5
Spike initiation 207.8 155.9 184.3 182.7
Flowering 162.7 148.1 160.8 157.2
Capsule  formation 199.5 204.2 201.0 201.6
Seed development 242.3 244.1 245.0 243.8
Maturity(primary spike) 122.9 132.0 151.1 135.3
DM(secondary & tertiary spike) 582.2 552.4 618.2 584.3
Total 1517.4 1436.7 1560.4 1504.8
Total sowing to maturity 2248.3 2186.7 2331.0 2255.3
*Till primary spike initiation, DM- development and maturity (secondary & tertiary spike)
 In all the dates of sowing and varieties, accumulated growing degree days were higher 
during reproductive stage as compared to vegetative stage. However, under late sowing 
conditions (21 Aug) the difference in accumulated growing degree days between vegetative 
and reproductive period was less.  The early sown crop (6 July) accumulated highest number of 
growing degree days from sowing to maturity (2901°C day) which decreased with successive 
delay in sowing. Among the cultivars, highest number of degree days were accumulated by 





 Using the data on duration of phenological stages and corresponding degree days in 
groundnut, three regression models were developed for predicting the number of days 
required for occurrence of flowering, pod initiation and maturity stages. These models were 
validated by comparing simulated phenological events (using temperature of the year 2009) 
with observed phenological events under three dates of sowing and two irrigation regimes 
in year 2009 (Table 7.2). The data showed that flowering could be predicted accurately (< 2 
days error) under all the dates of sowing and irrigation regimes, pod initiation stage could 
be predicted with accuracy in early and normal sown conditions. However, prediction of 
maturity stage is not accurate under all the dates of sowing and irrigation regimes, especially 
in late sowing and rainfed conditions.
Table 7.2.  Verification of prediction equation for predicting the phenological events based on 
GDD during different dates of sowing in groundnut during 2009 at Anantapur
Phenological event Prediction equations
Rainfed Irrigated
Predicted Actual Predicted Actual
Early sowing (7 July)
Flowering Ŷ = 0.0604 X – 2.3237 27.8 26 28.0 28
Pod initiation Ŷ = 0.0526 + 3.5424 49.6 50 53.0 51
Maturity Ŷ = 0.0353 X + 39.716 107.6 115 110.5 115
Normal sowing (23 July)
Flowering Ŷ = 0.0604 X – 2.3237 25 26.6 26.91 25
Pod initiation Ŷ = 0.0526 X + 3.5424 47 49.1 42.31 47
Maturity Ŷ = 0.0353 X + 39.716 101 107.9 105.59 109
Late sowing (7 Aug)
Flowering Ŷ = 0.0479 X + 3.212 27 28 27 28
Pod initiation Ŷ = 0.0495 X + 5.7102 51 42 45 44
Maturity Ŷ = 0.0237 X + 59.227 130 108 115 108
Bangalore
 Partitioning of dry matter to different plant parts in respect of three varieties, viz., TMV-2, 
JL-24 and K-134 grown under early (3 Aug) and late sown (20 Aug) conditions (Table 7.3) 
showed that the leaves are main contributors to the total dry matter during vegetative stage (54 
to 70%) in all the varieties under both early and late sown conditions. Contribution of leaves 
to dry matter decreased in later stages of the crop to reach minimum at harvesting stage in all 
the varieties and dates of sowing.  Stem is the next best contributor to dry matter at harvesting 
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stage (63 to 70%) in all varieties and sowings. Contribution of pods has not varied much 
across dates of sowings and varieties (23.5 to 27.7%). Contribution of pods to dry matter was 
almost similar in varieties TMV-2 and JL-24 in both early and late sown conditions. However, 
contribution of pods was lower in K-134 under late sowing (23.6%) compared to early sowing 
(27.5%). Roots remained lowest contributors to dry matter among the plant parts at all the 
growth stages in all the varieties and dates of sowing.
Table 7.3.  Partitioning of dry matter (%) in three varieties of groundnut under early and 
late sown conditions at Bangalore
Sowing date Variety Phenological stage Root Stem Leaf Pods
03-08-2010 TMV-2 Vegetative 5.6 27.8 66.6 -
50% Flowering 8.0 40.1 51.9 -
Peg Initiation 3.1 43.5 53.3 -
Pod filling 3.0 43.0 33.2 20.8
Harvesting 2.3 69.1 2.1 26.5
JL-24 Vegetative 5.6 24.5 69.9 -
50% Flowering 7.4 34.3 58.3 -
Peg Initiation 3.8 42.5 53.7 -
Pod filling 3.2 49.7 33.4 13.7
Harvesting 2.2 70.2 1.8 25.8
K-134 Vegetative 5.1 27.0 67.9 -
50% Flowering 4.9 41.4 53.7 -
Peg Initiation 2.9 43.6 53.5 -
Pod filling 2.2 50.2 29.1 18.5
Harvesting 2.0 68.6 1.9 27.5
20-08-2010 TMV Vegetative  7.4 38.7 53.9 -
50% Flowering 6.0 41.0 53.1 -
Peg Initiation 3.5 49.0 47.6 -
Pod filling 6.2 55.1 28.7 9.9
Harvesting 2.8 63.1 6.4 27.7
JL-24 Vegetative 6.6 32.8 60.6 -
50% Flowering 3.6 35.7 60.7 -
Peg Initiation 2.2 48.2 49.6 -
Pod filling 5.8 57.8 25.4 10.9
Harvesting 2.9 63.5 7.5 26.1
K-134 Vegetative 9.9 28.8 61.2 -
50% Flowering 5.7 41.0 53.2 -
Peg Initiation 2.6 46.9 50.5 -
Pod filling 4.0 57.3 27.6 11.1
Harvesting 2.5 67.7 6.2 23.6
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 A stochastic model developed earlier to predict pod yield using phenological stage-wise 
growing degree days (GDD), sunshine hours (SSH) and actual evapotranspiration (AET) and 
initial dry matter was validated for two dates of sowing in kharif 2009. The agreement between 
observed and predicted pod yield was better in 3 Aug sown crop with 18 percent of error than 
in 20th Aug sown crop with 34 percent error (Table 7.4).




Dry matter (kg/ha) Pod yield (kg/ha)
Observed Predicted % Error Observed Predicted % Error
03-08-2009 2056 2333 13 545 643 18
20-08-2009 1346 1363 11 351 472 34
PIGEONPEA
Faizabad
 An experiment was conducted to study the degree days requirement for attaining 
different phenological stages of the crop growing under three dates of sowing on 30 June, 10 
and 20 July 2009. In addition to GDD, dry matter partitioning, harvest index, etc. at crucial 
phenological stages were recorded.
Growing degree day requirement
 The number of days taken and degree days required for attaining various phenological 
stages in different varieties under different dates of sowing (Table 7.5) revealed that the 
early sown crop required more number of days as well as degree days for all phenological 
stages (except emergence), compared to crop under late sowing conditions. The degree days 
requirement for emergence stage, however, was less under early sowing than under late 
sowing. All the varieties and all the dates of sowing of crop required higher number of degree 
days during vegetative stage upto flowering emergence.
Table 7.5. Days taken and growing degree days (°C) at different phenophases of pigeonpea 

















June 30 126(6) 417(2) 2644(150) 2821(175) 2989(207) 3271(236) 3706(272)
July 10 150(7) 393(79) 2444(143) 2611(169) 2768(201) 2979(231) 3322((262)
July 20 148(7) 350(17) 2298(140) 2429(162) 2513(197) 2668(228) 2915(255)


















N. Arhar-1 138(6) 398(19) 2529(147) 2672(171) 2853(206) 3035(232) 3504(270)
NArhar -2 126(6) 301(16) 2470(142) 2609(164) 2730(199) 3039(225) 3315(254)
Bahar 134(6) 350(18) 2502(144) 2642(169) 2793(201) 3008(227) 3371(258)
CD at 5% 3.91 10.73 19.94 28.0 20.41 30.37 22.44
Figures in parentheses are number of days
 Among the varieties, the long duration variety N.Arhar-1 required comparatively higher 
number of degree days than the other varieties.
Dry matter partitioning
 The dry matter partitioning in pigeonpea under different dates of sowing (Table 7.6) 
showed that at emergence stage, contribution of leaves for total dry matter was comparatively 
higher than other plant parts. But the contribution of root and stem were also equal to the 
contribution of leaves at this stage.  Contribution of stem to total dry matter was higher among 
the plant parts from 6-leaf stage onwards.

















Leaves 35.1 34.1 33.9 32.0 23.5 20.4
Stem 32.5 40.2 34.3 40.5 34.7 35.7
Root 32.4 25.7 31.8 27.5 23.4 24.2
Pods - - - - 18.4 19.7
10 July 2009
Leaves 34.2 35.2 34.3 31.2 23.3 20.7
Stem 33.1 40.1 34.5 41.5 34.8 36.2
Root 32.7 24.7 31.2 27.3 24.0 24.4
Pods - - - - 17.9 18.7
20 July 2009
Leaves 34.2 34.9 34.4 31.4 23.8 20.6
Stem 33.2 39.9 34.0 41.0 33.3 35.3
Root 32.6 25.1 31.7 27.6 24.8 25.1
Pods - - - - 18.1 18.9
 Contribution of pods was about 20 percent at 50 percent pod formation and is least among 
the contribution of other plant parts. Roots of this deep rooted crop contributed substantially 






 Using simulation model CERES Rice DSSAT Version 4.0 rice yields were simulated and 
compared with observed yields under three sowing dates in kharif 2009. The comparison of 
observed and simulated yield (Table 7.7) showed that CERES rice model has predicted yield 
with high accuracy (% error ranging 3.7 to 8.0).  It was observed that the simulation was more 
accurate under early sowing conditions (5 July) than under late sowing conditions (25 July).
Table 7.7.  Comparison of observed and simulated yield of rice (kg/ha) at different dates of 
transplanting at Faizabad
Date of transplanting
Yield (kg/ha) % error
Simulated Observed
5 July (D1) 4271 4110 3.7
15 July (D2) 3624 3460 4.5
25 July (D3) 3599 3290 8.0
 Phenological events like panicle initiation, anthesis and physiological maturity were also 
simulated with accuracy in all the three dates of sowing in the year 2009 (Fig.7.1).



























































Fig.7.1.  Simulated and observed number of days for attaining phenophases in rice crop 




 Experiments were conducted to study the influence o dates of transplanting on the 
occurrence of important phenological events in three different varieties of Sali rice, viz., 
Mashuri, Maniram and Piolee.  Number of days taken for occurrence of different phenological 
events of rice (Table 7.8) showed that the varieties sown on early date took more number 
of days to reach all phenological stages than the varieties sown later. Among the varieties, 
Mahsuri took lesser number of days (104-114) to reach maturity than the other two varieties. 
The effect of micro-climatic regimes on duration was less prominent (10 days) in short duration 
variety Mahsuri than in long duration variety (20 days), i.e., Piolee.
Table 7.8.  Occurrence of important phenologial events in days after transplanting (DAT) 
of Sali rice at Jorhat
Treatment
Mahsuri Maniram Piolee
MR-I MR-II MR-III MR-I MR-II MR-III MR-I MR-II MR-III
TI 7 8 7 12 10 10 13 8 10
Maximum tillering 29 28 27 37 34 33 38 35 36
Panicle initiation 62 60 57 75 71 63 75 75 72
Flowering 90 86 82 105 98 91 100 95 91
Milking 95 92 87 109 102 95 110 104 98
Soft dough 100 96 90 114 108 100 117 109 102
Hard dough 106 101 97 123 116 108 126 116 109
Maturity 114 109 104 131 125 117 135 123 115
Kanpur
Growing degree days
 Duration and growing degree day requirement of vegetative and reproductive periods 
of six rice varieties under three dates of transplanting (Table 7.9) showed that duration of 
vegetative and reproductive period of all the varieties transplanted on early date are slightly 
higher (6 days) than under most delayed transplanting condition.  The degree days requirement 
of these varieties for vegetative and reproductive period is also higher in early transplanting 
than in late transplanting.
Table 7.9.  Heat unit of paddy varieties in terms of grain production (kg/ha-1°C day) under 
























Figures in parentheses are number of days
Harvest Index
 Harvest index of six genotypes (G1 to G6) under new micro-environments (E1 to E3) at 
Kanpur during kharif 2009 brought out that (Table 7.10) harvest index varied from 39.1 percent 
in late transplanting to 46.3 percent in early planting. Among the varieties, PAC-32 recorded 
highest and CSR-27 the lowest harvest index. Influence of environmental conditions on harvest 
index were highest in Pant-10, as it was 11 percent more under early transplanting.













E1 48.3 48.5 45.7 42.9 47.2 45.4 46.3
E2 46.6 47.3 43.6 42.3 41.7 45.7 44.6
E3 39.9 42.3 40.0 36.5 36.2 39.5 39.1
Mean 44.9 46.0 43.2 40.6 41.7 43.6 -
Ludhiana
 The calibrated and validated simulation model CERES-Rice was employed to conduct 
sample simulation studies to demonstrate the application of this model as an agronomic and 




Table 7.11. Effect of cultural management practices on simulated yield of rice cv. PR-111 
using CERES-Rice model
Cultural management options Estimated grain yield 
(kg/ha)Date of transplanting / sowing Method of sowing
20 May TransplantedDirect seeded
4705
4890
1 June TransplantedDirect seeded
4678
5173
10 June TransplantedDirect seeded
4542
4819
20 June TransplantedDirect seeded
5674
4656
1 July TransplantedDirect seeded
5539
4602
10 July TransplantedDirect seeded
5530
4358






With different plant population (No. of plants /m2) 
Row spacing X Plant spacing 22.2 (30 cm X 15 cm) 4486
26.6 (25 cm X 15 cm) 4563
33.3 (20 cm X 15 cm) 4626
44.4 (15 cm X 15 cm) 4766
Mohanpur
 WOFOST model was used to predict yield, LAI, biomass, etc., of rice based on soil, 
crop and weather data of the year 2009 at Mohanpur. The model over-predicted the yield 
and biomass for the year 2009. The actual grain yield and biomass yield were 3100 and 9000 
kg/ha, respectively against the predicted grain and biomass yield of 3607 and 1000 kg/ha, 
respectively. The predicted maximum LAI varied between 6 and 7. The potential yield for the 
last eight years was worked out (Table 7.12).  The potential yield varied from 3295 to 3756 kg/




Table 7.12.  Variation of potential yield of kharif rice at Mohanpur
Year Yield (kg/ha) Monsoon rainfall
Potential Annual
2002 3756 1569.7 1102.3
2003 3441 1464.9 974.2
2004 3573 1702.9 1269.2
2005 3700 1412.5 867.7
2006 3554 1411.7 1171.6
2007 3295 2022.9 1612.7
2008 3557 1318.1 928.6
2009 3607 1292.3 892.1
Ranchi
Growing degree days (GDD)
 Requirement of GDD to attain various phenophases in respect of three sowing dates and 
varieties (Table 7.13) showed that early sown crop varieties observed slightly more number 
of degree days (1407 to 1450) than the crop varieties sown three weeks later (1369 in all these 
varieties). However, varieties did not differ much in their requirement in any of the dates of 
sowing.
Table 7.13. Days and heat unit requirement for attaining different phenological stages in 
upland rice crop during at Ranchi
Variety/Stages
1 July 11 July 22 July
DAS GDD DAS GDD DAS GDD
50% Flowering
Vandana 70 1125 69 1092 70 1092
BVD-109 65 1058 66 1048 63 990
BVD-111 70 1125 69 1092 67 1049
100% Flowering
Vandana 74 1182 73 1153 74 1150
BVD-109 69 1112 68 1092 72 1064
BVD-111 74 1182 71 1123 70 1092
Milking




1 July 11 July 22 July
DAS GDD DAS GDD DAS GDD
BVD-109 72 1153 74 1169 74 1150
BVD-111 81 1287 76 1199 78 1210
Grain filling
Vandana 85 1348 81 1271 84 1287
BVD-109 78 1242 82 1285 81 1249
BVD-111 85 1348 81 1271 81 1249
Maturity
Vandana 92 1450 92 1428 91 1369
BVD-109 89 1407 92 1428 91 1369
BVD-111 92 1450 92 1428 91 1369
Samastipur
Phenology and heat unit requirement
 Days taken for occurrence of important phenological stages and corresponding heat unit 
requirement of three rice varieties under three dates of sowing (Table 7.14) revealed that early 
sown crop (31 May) required highest number of degree days or heat units (2644.7°C day) 
for maturity compared with the crop sown 6 weeks (2184.9). Among the varieties, Rajendra 
Kasturi required more number of days (135.3) for attaining maturity and degree days (2526.8°C 
day) compared with Rajendra Bhagwati, which required the lowest (121 days and 2319.4°C 































































































































































































































































































































































































































































































































 To work out the degree-days requirements for occurrence of different phenological stages, 
varieties, JS-335, TAMS-38 and TAMS-98-21 were sown on four different dates, viz., 1, 8, 15 
and 23 July 2009.  The accumulated growing degree days (°C day) in individual phenological 
and summed GDD during vegetative, reproductive and total crop growing period under 
different sowing dates and varieties is presented in Table 7.15.  
Table 7.15.  Accumulated GDD (0C day) among various phenophases of soybean cultivars 
under different sowing dates
Phenophase JS-335 TAMS-38 TAMS-98-21 Mean
D1- 26 MW (01.07.2009)
Emergence 133 133 133 133.0
Vegetative stage 549.5 531.4 585.3 555.4
Total 682.5 664.4 718.3 688.4
Flowering 256.0 257.6 271.2 261.6
Pod Formation 251.1 218.5 235.2 234.9
Seed formation 234.4 227.7 256.6 239.6
Full seed development 306.4 249.9 298.4 284.9
Maturity 114.5 95.4 148.4 119.4
Total 1162.4 1049.1 1209.8 1140.4
Total sowing to maturity 1844.9 1713.5 1928.1 1828.8
D2 - 27 MW(08.07.2009)
Emergence 138 138 138 138.0
Vegetative stage 539.9 520.7 596.3 552.3
Total 677.9 658.7 734.3 690.3
Flowering 242.9 230.8 238.9 237.5
Pod Formation 204.0 202.3 204.8 203.7
Seed formation 243.7 218.0 253.6 238.4
Full seed development 278.3 254.0 264.3 265.5
Maturity 97.8 115.4 99.2 104.1
Total 1066.7 1020.5 1060.8 1049.3
Total sowing to maturity 1744.6 1679.2 1795.1 1739.6
D3 - 28 MW(15.07.2009)
Emergence 116.8 116.8 116.8 116.8
Vegetative stage 536.3 497.4 568.6 534.1
Total 653.1 614.2 685.4 650.9
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Phenophase JS-335 TAMS-38 TAMS-98-21 Mean
Flowering 218.1 221.0 234.5 224.5
Pod Formation 205.8 204.6 232.0 214.1
Seed formation 254.4 229.8 251.2 245.1
Full seed development 244.4 257.0 255.3 252.2
Maturity 99.2 97.8 96.1 97.7
Total 1021.9 1010.2 1069.1 1033.7
Total sowing to maturity 1675.0 1624.4 1754.5 1684.6
D4 - 30 MW(23.07.2009)
Emergence 136.7 136.7 136.7 136.7
Vegetative stage 517.2 468.9 550.1 512.1
Total 653.9 605.6 686.8 648.8
Flowering 204.1 200.1 222.3 208.8
Pod Formation 200.9 197.0 229.8 209.2
Seed formation 254.0 231.5 240.1 241.9
Full seed development 214.8 194.0 229.2 212.7
Maturity 96.1 65.4 85.2 82.2
 969.9 888.0 1006.6 954.8
Total sowing to maturity 1623.8 1493.6 1693.4 1603.6
 The accumulated growing degree days were higher during reproductive stage as 
compared to vegetative stage in all dates of sowing and varieties.  Among various phenophases 
of the reproductive period, flowering phase availed higher growing degree days under early 
sowing conditions while seed formation phase availed higher growing degree days under late 
sown conditions. The early sown crop accumulated highest number of growing degree days 
to reach various phenophases, which decreased with successive delay in sowing. Among the 
cultivars, highest growing degree days were accumulated by TAMS-98-21 followed by JS-335 
and TAMS-38 in order.
Jabalpur
 Development and degree days requirement of three varieties of soybean, viz., JS-335, 
JS-93-05 and JS-97-52 under three varied thermal regimes were assessed by sowing the crop 
on 6, 24 July and 3 Aug 2008. The degree days requirement (Table 7.16) showed that neither 
the days taken nor degree days required for phenological stages upto pod initiation varied 
significantly due to delay in sowing. However, for attaining physiological maturity stages 
early sown crop varieties have taken 20-30 more number of days and 371 to 417 growing 
degree days compared to the early sown conditions. The days taken for physiological maturity 
and harvest did not vary much among the varieties at any date of sowing.
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Table 7.16.  Days taken and growing degree days required for occurrence of different 







Emergence 06-07-2009 128(7) 164(9) 182(10)
24-07-2009 103(6) 121(7) 157(9)
03-08-2009 128(7) 163(9) 180(10)
Flower initiation 06-07-2009 860(49) 806(46) 842(48)
24-07-2009 734(42) 768(44) 844(49)
03-08-2009 736(43) 736(43) 788(46)
Pod initiation 06-07-2009 1018(58) 981(56) 1070(61)
24-07-2009 944(55) 961(56) 1055(61)
03-08-2009 918(53) 901(52) 1031(59)
Physiological maturity 06-07-2009 1693(97) 1662(95) 1723(99)
24-07-2009 1420(82) 1389(80) 1436(83)
03-08-2009 1322(77) 1262(73) 1306(76)
 Harvest 06-07-2009 1869(109) 1893(111) 1905(112)
24-07-2009 1597(95) 1608(96) 1597(95)
03-08-2009 1457(88) 1446(87) 1434(86)
COTTON
Ludhiana
Phenology and growing degree days
 Phenological calendar of two cultivars of cotton, viz., RCH-134 and MRC-6301 under 
two dates of sowing, viz., 15 May and 29 May 2009 (Table 7.17) showed that delay in sowing 
by two weeks curtails duration of both crop varieties (sowing to physiological maturity) by 
two weeks.  The reduction in crop duration was due to shortening of reproductive period 
(flowering to physiological maturity) by 10 days in delayed sowing compared to early sowing. 
Among the varieties, MRC-6301 took slightly more number of days (4 days) than RCH-134, 
under both the dates of sowing.
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Table 7.17.  Phenological calendar of cotton cultivars under two dates of sowing during 
2009 at Ludhiana
Phenological stages
D1 – 15 May D2 – 29 May 
RCH-134 MRC-6301 RCH-134 MRC-6301
Start Emergence 4 4 5 5
Complete Emergence 6(10) 6(10) 6(11) 7(12)
Flowering 50(60) 52(62) 45(56) 47(59)
Boll Formation 20(80) 21(83) 17(73)) 19(78)
Physiological Maturity 78(158) 78(161) 71(144) 70(148)
Figure in parenthesis is cumulative days after sowing
Heat units and degree days
 Heat unit (degree days) requirement of both the varieties was highest under early sowing 
compared to the requirement under delayed sowing (Table 7.18) and decreased with delay 
in sowing. The degree days requirement of varieties did not differ much at same date of 
sowing.
Table 7.18.  Growing Degree Days of cotton cultivars under two dates of sowing during 
kharif 2009 at Ludhiana
Phenological 
stages
D1 – 15 May D2 – 29 May 
























































Phenology and thermal time requirement
 Number of days taken and thermal time required for reaching various phenological 
stages of maize varieties under two sowing dates (Table 7.19) showed that duration of both 
the varieties decreased and correspondingly growing degree days requirement decreased 
with delay in sowing. The early sown crop variety accrued 1925 to 1965 degree days while the 
late sown crop varieties accrued 1690 to 1711 accumulated growing degree days. The degree 
day requirement of the varieties was not significantly different at any of the sowing dates. 
It was observed in both the varieties that the vegetative period (sowing to 50%tasseling) 
was curtailed with delay in sowing and as a result degree day requirement upto 50 percent 
tasseling stage was also reduced. The duration of reproductive period and its thermal time 
requirement in both varieties have not varied much across sowing dates.
Table 7.19.  Number of days and thermal time required to attain phenological stages of 




22 June 2 July 12 July
Days Acc PTU Days Acc PTU Days Acc PTU
Kanchan-517
Emergence  5 127 5 114 4 92
6th Leaf 13 319 12 282 12 273
50% Tassel 51 1163 47 1038 42 901
50 % Silking 55 1253 54 1179 51 1086
Dough stage 83 1805 78 1652 73 1519
Physiological Maturity 91 1965 86 1820 82 1711
Hybrid-4046
Emergence 6 155 4 89 4 92
6th Leaf 13 319 12 282 11 254
50% Tassel 50 1142 45 1000 40 860
50 % Silking 56 1272 52 1136 49 1046
Dough stage 82 1786 78 1652 74 1540
Physiological Maturity 89 1925 84 1776 81 1690
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Agrometeorological indices based prediction of phenology
 Days taken for occurrence of six important phenological stages of maize were predicted 
using agrometeorological indices, viz., growing degree days (GDD), Heliothermal Units 
(HTU) and photothermal units (PTU) during different phenological stages of the crop (Table 
7.20). Out of all the three indices, growing degree days predicts all the phenological stages 
more accurately (higher R2 of 0.95 to 0.98) than the other two indices, viz., HTU (R2 of 0.85 to 
0.96) and PTU (0.89 to 0.98).
Table 7.20. Prediction of maize phenology at Jammu during kharif 2009
Stages
Regression equation
Growing degree days R2 Heliothernal Unit R2 Photothermal Unit R2
Emergence Y= 0.202 + 0.039 X 0.98 Y = 0.224 + 0.004 X1 0.92 Y = 0.216 + 0.002 X2 0.98
6th Leaf Y = 0.175 + 0.040 X 0.97 Y = -0.362 + 0.005 X1 0.96 Y = 0.274 + 0.002 X2 0.96
50% Tassel Y = -0.702 + 0.045 X 0.98 Y = =0.512 + 0.005 X1 0.86 Y= -0.845 + 0.003 X2 0.98
50 % Silking Y= 11.857 + 0.034 X 0.95 Y = 25.158 + 0.003 X1 0.85 Y= 15.659 + 0.002 X2 0.92
Dough stage Y =  2.993 + 0.044 X 0.95 Y = 12.37 + 0.005 X1 0.87 Y = 5.813 + 0.003 X2 0.89
Physiological 
Maturity Y= 17.789 + 0.037 X 0.98 Y = 40.415 + 0.003 X1 0.86 Y= 27.988 + 0.002 X2 0.94
Y = Day of occurrence of phenology, X =Accumulated Growing degree days, X1: Accumulated 
photothermal units, X2: Accumulated Heliothermal units
Udaipur
Growing degree days (GDD)
 Accumulated growing degree days and days taken for occurrence of different phenological 
stages in three varieties of maize sown on 16 June, 30 June and 15 July 2009 (Table 7.21) showed 
that in all varieties GDD requirement for attainment of maturity was maximum (1624 to 1672) 
in early sown and lowest (1430 to 1526) in delayed sowing. Among the varieties, HQPM-1 
required highest number of growing degree days for maturity (1526 to 1672) while Pratap-1 





















































































































































































































































































































































































































































































8. Weather Effects on Pests and Diseases
GROUNDNUT
Anantapur
 To study the relationship between weather and infestation of leaf webber in groundnut 
and also to validate leaf webber prediction models, groundnut was sown at fortnightly 
intervals on five different dates, starting from 10 June.
 Incidence of leaf webber (leaf miner) associated weather parameters (Table 8.1) showed 
that rise in maximum temperature by 4.6°C and fall in minimum temperature by 2°C on 17 
Aug 2009 and sudden fall in afternoon relative humidity (RH-II) by 29 percent favoured 
the incidence of leaf webber and its intensity of infestation. Gradual fall in RH-II and rise in 
maximum temperature associated with long dry spell of 27 days duration during the month 
of October favoured the leaf minor to reach its maximum in October.
Table 8.1. Relationship between weather and incidence of groundnut leaf miner during 







Weather conditions at the time of 
pest infestation
10 June 72 36
Rise in maximum by 4.6°C and fall 
of minimum temperature by 2°C (19-
8-09) and sudden fall on RH-II by 29 
percent on 16-8-09
25 June 57 16
10 July 42 23
25 July 27 9
8 Aug 13 5
 Prolonged wet spell with continuous rains from 4th to 17th Nov 2009 (78.2 mm) and high 
morning and afternoon relative humidifies of 86-95 and 51-91 percent, respectively reduce the 
incidence of groundnut leaf minor. This may be due to wash out of the eggs / pests during 
heavy rainfall period.
Validation of groundnut leaf miner (GLM) prediction model
 Based on many years data on pest incidence and weather parameters, the following 
regression model was developed for prediction of leaf miner in groundnut:
 Y = 0.47 + 0.004 X1+ 0.12 X2 – 0.019 X3 – 0.26X4   R2 = 0.91
Where Y = Predicted GLM damage, X1 = Minimum Temperature, X2 = RH1, X3 = RH2,                                
     X4 = Sunshine hours;           
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 Application of the weather data of current year (2009) in the above model, GLM percent 
was predicted and compared with actual GLM percent for validating the model.  Comparison 
of actual and predicted GLM (Table 8.2) showed that except in case of 25th June and 8th 
Aug sown crop, it has under-predicted the intensity of leaf miner, the model needs further 
modification before its use in agro-advisories.
Table 8.2.  Validation of the model for groundnut leaf webber during kharif 2009 at 
Anantapur
Date Predicted GLM Percent Actual GLM Percent Deviation
D1 (10.6.2009)
21 Aug 8.37 36.0 -27.6
28 Aug 7.68 10.4 -2.8 
4 Sept 8.35 7.5 0.8 
11 Sept  8.27 9.2 -0.9 
18 Sept 7.27 3.1 4.2 
25 Sept 7.07 7.3 -0.3 
3 Oct 7.8 13.6 -5.8 
10 Oct 7.97 16.1 -8.1 
17 Oct 7.63 39.3 -31.7 
24 Oct 7.44 34.1 -26.7 
D2 (25.06.2009)
21 Aug 8.37 16.0 -7.6
28 Aug 7.68 13.5 -5.8 
4 Sept 8.35 6.5 1.8 
11 Sept  8.27 9.3 -1.0 
18 Sept 7.27 7.3 0.0 
25 Sept 7.07 7.7 -0.6 
3 Oct 7.8 4.6 3.2 
10 Oct 7.97 5.6 2.4 
17 Oct 7.63 4.4 3.2 
24 Oct
D3 (10.07.2009)
21 Aug 8.57 23.4 -14.9 
28 Aug 7.79 20.0 -12.2 
4 Sept 7.63 10.8 -3.2 
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Date Predicted GLM Percent Actual GLM Percent Deviation
11 Sept  7.23 8.0 -0.8 
18 Sept 7.44 5.3 2.2 
25 Sept 8.67 15.2 -6.5 
3 Oct 7.8 15.9 -8.1 
10 Oct 7.97 27.7 -19.8 
17 Oct 7.63 30.6 -23.0 
24 Oct
D4 (25.07.2009)
21 Aug 8.67 8.9 -0.3 
28 Aug 8.26 9.6 -1.4 
4 Sept 7.48 10.4 -2.9 
11 Sept  7.08 7.3 -0.2 
18 Sept 7.97 8.2 -0.2 
25 Sept 7.4 13.6 -6.2 
3 Oct 7.8 21.3 -13.5 
10 Oct 7.97 33.3 -25.4 
17 Oct 7.63 41.4 -33.8 
24 Oct 8.67 8.9 -0.3 
D5 (08.08.2009)
21 Aug 8.67 5.0 -3.6 
28 Aug 7.79 7.5 0.29 
4 Sept 7.63 9.3 -1.63 
11 Sept  7.23 5.6 1.67 
18 Sept 7.44 7.6 -0.19 
25 Sept 8.67 4.9 3.80 
3 Oct 7.95 4.7 3.22 




 The multiple linear regression models relating growing degree days (GDD), sunshine 
hours (SSH) and rainfall (RF) upto 90 and 120 days stage with the percentage of late leaf spot 
(Tikka) disease at different stages of crop were already developed using the experimental data 
for the period 2005-08. These models were validated for two dates of sowing in kharif 2009. 
The comparison of observed and predicted disease percentage (Table 8.3) showed that in both 
the dates of sowing, the model underestimated disease percentage at 90 DAS stage.
Table 8.3. Observed an predicted values of tikka disease in groundnut at Bangalore





03-08-2009 90 12.43 46.25
120 71.25 74.00




 Incidence of pod borer Helicoverpa armigera was monitored at weekly interval during 
kharif season of 2009. Weekly larval population of pod borer from 43rd SMW (Oct 22-28) till 
maturity (March end) was related with corresponding weekly weather parameters Among the 
weather parameters, both maximum and minimum temperatures showed highly significant 
curvilinear relationship with pod borer (Fig.8.1). Maximum temperature of 24 to 27°C and 
minimum temperature of 10 to 12°C were found to be optimum for the peak incidence of pod 
borer in pigeonpea.
 
Fig.8.1.  Relationship between maximum and minimum temperature and pod borer 




Effect of weather on population dynamics of Helicoverpa armigera
 First appearance of eggs of helicoverpa was observed during 44th SMW and it remained 
active upto 1st SMW (91.8 eggs/30 cm twig). Relating pod borer population with weather 
parameters, it was observed that both maximum and minimum temperature bear significant 
inverse relationship with pod borer population (Fig.8.2).  Maximum temperature around 28 
to 31°C and minimum temperature around 12 to 16°C is optimum for minimum pod borer 
incidence in pigeonpea.  Larval population of helicoverpa did not show any significant relation 
with any weather parameter.




 By correlating percent leaf curl disease of cotton over a period of 4 years with weather 
parameters, meteorological parameters having significant relation with the disease were 
identified. The maximum temperature (-0.45), minimum temperature (-0.56), wind speed 
(-0.69) and rainfall showed negative correlation with disease development while morning 
relative humidity (0.26), evening relative humidity (0.28), sunshine hours (0.42) and cumulative 
rainfall (0.59) showed positive correlation with disease development. The optimum maximum 
temperature for disease development was identified to be around 34 to 40°C and minimum 
around 23 to 28°C. Disease development showed an exponential relationship with cumulative 
rainfall (Fig.8.3). It was interpreted from this relationship that disease development was 
slow till the accumulation of 100 mm of rainfall and after that it increases rapidly. Sunshine 
hours showed positive relationship (0.28) indicating the favourability of clear days for disease 
development.
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Fig.8.3.  Relation between leaf curl disease intensity with meteorological parameters at Hisar 
during kharif 2009
Ludhiana
 To study the population dynamics of sucking pests in cotton in relation to weather 
conditions, two varieties (RCH-134 and MRC-6301) were exposed two micro-environments, 
by sowing them on 15 May and 25 May 2009. The count of pests, i.e., aphids, whitefly and 
thrips were taken at weekly intervals in both cultivars under both dates of sowing. The data 
were collected under both sprayed and unsprayed conditions.  In case of whitefly count of 
adults were taken while in case of aphids and thrips, both adults and nymphs were counted.
Weather-based thumb rules for predicting sucking pests
 Perusal of sucking pests on cotton and meteorological parameters during kharif 2009 
season brought out the following observations:
Pest → Observations
Aphids →
Fall in maximum temperature from 34.8 to 31.3°C
Fall in minimum temperature from 26.9 to 26.1°C
Decrease in sunshine hours from 7.7 to 6.9 hrs
Increase in morning RH from 87 to 93 percent and evening RH from 
70 to 83 percent
Whitefly → Maximum temperature > 32°C; minimum temperature > 25°C and increased relative humidity
Thrips →
Maximum and minimum temperature were above 38 and 25°C, 
respectively
Morning and afternoon RH was below 70 and 55 percent, respec-
tively
More than 9 hours of sunshine
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Correlation between pest and weather variables
 Correlation coefficients of weekly pest count of aphids, whitefly and thrips with the 
respective period meteorological parameters (Table 8.4) revealed that aphids and whitefly 
population were positively correlated with RH and rainfall and negatively correlated with 
sunshine hours.  The thrips population was positively correlated with temperature, sunshine 
hours and rainfall and was negatively correlated with relative humidity.
Table 8.4.  Correlation between aphid, whitefly and thrip count and weekly meteorological 
data in cotton cultivars during kharif 2009 at Ludhiana
Meteorological 
parameters
D1-15 May D2-29 May
Sprayed Unsprayed Sprayed Unsprayed
RCH-134 MRC-6301 RCH-134 MRC-6301 RCH-134 MRC-6301 RCH-134 MRC-6301
Aphids
MaxT -0.18 -0.24 -0.01 -0.18 -0.35 -0.30 -0.37 -0.38
MinT 0.29 0.29 0.28 0.33 0.35 0.44 0.36 0.33
Morning RH 0.54 0.54 0.40 0.57 0.33 0.27 0.40 0.37
Evening RH 0.28 0.37 0.18 0.37 0.47 0.61 0.60 0.57
Rainfall 0.11 0.08 0.14 0.06 0.31 0.52 0.45 0.43
SSH -0.38 -0.37 -0.15 -0.47 -0.34 -0.30 -0.23 -0.22
Whitefly
MaxT -0.28 -0.27 -0.21 -0.35 -0.10 -0.09 -0.15 -0.11
MinT 0.45 0.47 0.50 0.44 0.62 0.61 0.50 0.59
Morning RH 0.11 0.18 0.02 0.18 0.07 0.06 0.04 -0.02
Evening RH 0.41 0.51 0.44 0.52 0.46 0.46 0.35 0.41
Rainfall 0.15 0.33 0.20 0.27 0.23 0.30 0.05 0.23
SSH -0.47 -0.49 -0.37 -0.37 -0.62 -0.57 -0.66 -0.52
Thrips
MaxT 0.63 0.66 0.62 0.64 0.67 0.64 0.64 0.66
MinT 0.19 0.24 0.18 0.17 0.21 0.17 0.17 0.18
Morning RH -0.82 -0.87 -0.81 -0.81 -0.86 -0.83 -0.82 -0.84
Evening RH -0.38 -0.40 -0.39 -0.43 -0.44 -0.43 -0.43 -0.45
Rainfall 0.18 0.18 0.18 0.17 0.18 0.17 0.17 0.17




 To study the boll worm attack in cotton cv NHH-44 and its relation with weather 
parameters, bolls damaged by boll worm attack were counted on daily-based and averaged 
over standard meteorological weeks in kharif 2009.  Step-wise regression equation between 
number of bolls damaged each standard week and the different weather parameters of 
current and previous weeks were developed. Out of all the regression equations, the following 
multiple regress equation has comparatively higher co-efficient of determination (R2):
Y = -116.8+5.5 Tmax2–0.42Tmin1–2.83Tmin2+0.47RHII2+0.182RHII1–0.47 SS2+62BSS1 R2 = 0.41 
 It is understood from this relation between boll warm and weather conditions that 
low minimum temperature and high afternoon relative humidity during current as well as 




 Population of insects like yellow stem borer (YSB), green leaf hopper (GLH) and white 
backed plant hopper (WBPH) were collected through light trap in rice crop during kharif 2009. 
Peak infestation of YSB, GLH and WBPH were observed, respectively, during 39-40, 40-43 and 
36-44 SMWs. The peak infestation of these insects, mostly occurring in October was coinciding 
with reproductive period of the crop. Analyzing the pest population in relation to weather 
condition, the following weather conditions congenial for peak population of each pest in 
kharif 2009 were identified.
Name of the pest → Congenial weather conditions
Yellow stem borer → Maximum temperature:  30-33°C
Minimum temperature:  Around 25°C
RH > 85 percent
Green leaf hopper → Maximum temperature:  30-33°C
Minimum temperature:  Around 20-25°C
RH > 80 percent
White backed plant Hopper → Maximum temperature:  30-33°C
Minimum temperature:  Around 25°C
RH > 90 percent
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 Regressing pest population with different weather conditions, it was observed that yellow 
stem borer bears significant inverse parabolic relationship with average relative humidity 
(Fig.8.4) and green leaf hopper shows significant parabolic relationship with minimum 
temperature (Fig.8.5).
Fig.8.4. Relationship between yellow stem borer and relative humidity at Raipur
Fig.8.5. Relationship between green leaf hopper and minimum temperature at Raipur
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9. Economic Impact of Agro Advisory Services
Anand
Impact of Agro Advisory Services
 The economic impact of Agro Advisory Services was assessed through a feedback 
questionnaire filled by two AAS adopting villages and two AAS non-adopting villages. It 
was concluded from the analysis of feedback that in tobacco crop, twenty percent higher net 
returns were obtained by AAS farmers as compared to non-AAS farmers. In potato, nearly 11 
percent higher net return was achieved by AAS farmers compared to non-AAS farmers.
Bijapur 
 Following Agromet Advisory farmers could save one spray of fungicides with Rs.1,100/
ha/spray in grapes.
 Timely control of pest following agromet advisory increased yield of pomegranate by 
about 15 percent and also helped in improving quality of produce by saving 3 sprays in 
pomegranate.
 Advise on the forecast of clouds and humid weather saved two sprays worth Rs.1,125/= 
per hectare for control of anar butterfly, a serious pest in pomegranate.
Mohanpur
 Based on farmers view, economic benefits (Rs/Biha) accrued through agromet advisory 
in different crops are cited below:
Adjustment of 
cultural practice
Name of the crop
Boro rice Jute Potato Cauliflower Pointed gourd
Change of date of land 
preparation 500 200 500 150 150
Seed sowing 300 50 1800 100 50
Postponement of the date of 
fertilizer application 2250 50 800 100 100
Not to spray pesticide in 
view of rain forecast
100 + cost of pesticide 
(For one day) 100 80 200 150
Not to irrigate the field in 
view of rainfall forecast 200/- (For one day) 100 200 100 80
Harvesting schedule (The cost 
of the product not included) 400 200 400 150 200
Post- harvest operations 300 100 - - -




 Agro Advisory Bulletins were issued to farmers based on rainfall forecast and by 
following the advisory farmers could save expenditure on irrigation in both kharif and rabi 
crops. The number of irrigations saved in different crops and benefits accrued are listed as 
under:
Season Crop No. of irrigations saved Net saving of expenditure per ha (Rs.)











 The progress made by 25 Cooperating Centres of All India Coordinated Research Project 
on Agrometeorology in implementing the technical program of the project and salient research 
findings during rabi 2008-09 and kharif 2009 are summarized below.
Agroclimatic Characterization
Long-term (140 Years) rainfall analysis of Vidarbha region at Akola centre showed decrease 	
of both annual and southwest monsoon’s rainfall below the long-term average, since the 
year 1960 and beyond.
At Akola, further it was observed that the declining trends of high rainfall events of 75-100 	
mm and more than 100 mm during the last four decades.
Historical (43 years) analysis of rainfall and drought frequencies at Anantapur brought out 	
that Anantapur region experiences droughts of three categories, i.e., mild, moderate and 
severe in nearly 50 percent of the years.
At this centre, analysis of groundnut yield in mild, moderate and severe drought years 	
brought that these categories of droughts, respectively caused 25, 54 and 100 percent 
reduction in yield compared to no drought year.
At Anand, year-wise categorization of meteorological droughts in past 30 years (1980-2009) 	
showed occurrence of mild, moderate and severe droughts, respectively, in 20, 23 and 7 
percent of years.
From the long-term (1976-2000) analysis of monthly maximum and minimum temperatures 	
at Bangalore, significant increasing trends in minimum temperature of monsoon months 
(June to September) and decreasing trend in maximum temperature of pre-monsoon (April-
May) and post-monsoon (October) months were observed.
Bijapur centre analyzed taluk-wise rainfall of six districts of north Karnataka and worked 	
out start, end and duration of rainy season in each district.  Mean duration was found to 
be longer in Haveri (22 weeks) district situated in transition zone and it was shorter by two 
weeks in Bijapur, Bagalkot and Koppal districts situated in dry zone of Karnataka.  Standard 
deviations of start, end and durations were higher in districts of dry zone compared to 
districts of transition zone.
At Dapoli, analysis of 38 years weather data of Dapoli and Venegurla brought out that 	
the occurrence of drought is more frequent (47%) at Dapoli than at Venegurle (35%).  It 
was further observed that number of days with maximum temperature more than 35°C is 
increasing significantly with a rate of increase of 4 days per decade at Dapoli.
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Analysis of last 25 years zone-wise rainfall data of eastern Uttar Pradesh at Faizabad centre, 	
showed the frequency of occurrence of terminal droughts to be highest (80%) in Vindhyan 
region compared to the frequency in eastern plain zone (72%) and north eastern plain zone 
(70%).
Normal values of all the weather parameters for all 19 districts of Haryana, worked out by 	
Hisar centre showed that western districts experienced dry conditions (evening RH < 45°) 
while northern parts of the state had higher RH of above 60 percent.
Analysis of long-term (36 years) monthly temperature data of Pachmarhi (Hill Station) 	
of Madhya Pradesh by Jabalpur centre showed significant decreasing trend in minimum 
temperature of all months except October, November and December.
At Kanpur, normal dates of onset, withdrawal and duration of rainy season (southwest 	
monsoon) were worked out to be 18 June, 19 Sept and 93 days, respectively.  Kanpur 
witnessed significant increasing trend in average annual maximum temperature, decreasing 
trend in minimum temperature and increasing trend in pre-monsoon rainfall.
At Ludhiana, analyzing average rice yield over last 10 years in relation to monthly and 	
seasonal climatic conditions of Amritsar, Ludhiana and Patiala, seasonal maximum 
temperature of 34.8°C, minimum temperature of 25°C and rainfall of 589 mm were identified 
to be optimum weather conditions for obtaining higher rice yield.
Long-term rainfall data of Bankura and Canning stations of West Bengal were analyzed by 	
Mohanpur centre and found out that Bankura receives weekly rainfall of 30 mm or more 
(with 50% probability) for a longer period of 18 weeks (22 to 39 SMWs) than Canning (25to 
40 SMWs), though annual rainfall was higher at Canning than Bankura.
Decadal average of rainfall of all the districts of Himachal Pradesh worked out for past four 	
decades at Palampur brought out that only Kullu district showed continuous increasing 
trend for the last three decades.
At Raipur, long-term (37 years) temperature analysis showed increase in maximum 	
temperature during rabi season by 0.02°C/year and decrease in minimum temperature by 
0.01°C/year.
At Ranchi, analysis of district average rainfall in three agroclimatic zones of Jharkhand 	
showed rainfall in August to be more assured with lowest CV in all three zones of 
Jharkhand.
At Rakh Dhiansar, assuming 1.5°C rise in temperature, future water requirement of Jammu 	
was worked out to be 4.48 x 109 cubic meters, which amounts to be 3.2 percent higher than 
the water demand under normal temperature conditions.
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Analyzing rainfall and rainy days from 1985-2009 at Ranichauri, it was observed that rainy 	
days are decreasing significantly with a decrease of 8 rainy days per decade at this hill 
station.
At Samastipur, the average start, end and duration of rainy season in Nalanda district of 	
Bihar were worked out to 25th week, 42nd  and 17th weeks, respectively.  Droughts were 
observed to be occurring in 32 percent of years in this district.
Analysis of long-term (1968-2009) temperature data of Solapur showed highly significant 	
increasing trend (0.02°C per year) in maximum, minimum and average temperature.
Long-term (37 years) analysis of rainfall of 7 districts of southern Rajasthan revealed that 	
period from 37-40 SMWs experience recurring agricultural droughts.  Among the districts, 




At Akola, higher light interception and soil moisture during pod formation and seed 	
development facilitated to achieve higher seed yield.
Yield at Faizabad showed significant negative relationship with maximum temperature 	
during reproductive period and yield decreased by 0.37 q/ha with 1°C increase in maximum 
temperature.
At Jabalpur, higher day temperatures during reproductive period were found to be 	
detrimental for productivity of crop (decline of 199 kg/ha per 1°C) than high night 
temperature (decline of 172 kg/ha per 1°C).
Yield of chickpea at Solapur showed significant positive relationship with cumulative 	
moisture use and heliothermal units during the crop growing period.
Wheat
At Anand, higher minimum temperature during the months of December and January 	
proved to be detrimental for obtaining higher wheat yield.  Wheat yield also showed highly 
significant positive relationship with moisture use during crop growing period.
Under Hisar conditions, yield and yield attributes were adversely influenced by rainfall 	
during both vegetative and reproductive periods.
At Kanpur, maximum, minimum and average temperatures and diurnal temperature range 	




At Ludhiana, interception of PAR in wheat canopy was observed to be highest at booting 	
stage (84 to 85%) in early sowing and at flag leaf initiation stage in normal and late sown 
conditions.
At Palampur, among eight varieties tested for their performance under high thermal 	
regimes, HS-240 and HS-420 were found to be less sensitive and HPW-42 and VL-892 were 
found to be more sensitive to thermal stress.
High temperature, longer days and more sunshine hours wee fond to be limiting the yield 	
of wheat at Raipur.
Higher average temperature during total growing period and lower soil moisture during 	
boot to milking stage of the wheat were found to be responsible for lower yield and yield 
attributes in late sown crop at Ranchi.
Lysimetric studies in whet at Rakh Dhiansar brought out that crop coefficients were more 	
than 1.0 and water requirement is high during 4 to 19 weeks of the crop.
Analyzing the growth, development and yield of wheat in warmer growing season compared 	
to normal or cooler growing season, Samastipur centre found reduction in tillering by 28 
percent, advancement of lowering by 10-13 days, shortening of days to maturity by 6 days 
and reduction in yield by 6.6 to 8 q/ha in warmer growing season compared to normal 
growing season.
 Pooled analysis of wheat yield in relation to temperature at Udaipur, identified average 	
temperature of 17.5 to 19°C during reproductive period to be optimum temperature 
conditions for achieving higher yield.
At this centre, vegetative and reproductive periods were curtailed by 2.8 to 4.6 days with 	
increase in average temperature by 1°C during respective periods.
Mustard
At Hisar, leaf area index, seed and biological yield and oil content (%) of mustard showed 	
significant positive relation with maximum and minimum temperature and radiation during 
sowing to 50 percent flowering stage.
Seed yield of mustard at Ludhiana showed highly significant positive and negative 	
relationships with temperature during vegetative and reproductive periods, respectively.
At Palampur centre also, temperature during vegetative period positively influenced and 	
during reproductive period adversely affected the yield. 
Lysimetric studies in mustard at Rakh Dhiansar brought out that consumptive use of 	




Seed yield (Y) of mustard at Udaipur showed the following significant negative relationship 	
with temperature (X) during 90 to 105 days of the crop.
 Y = -391.8 X + 2817  R2 = 0.91
Rabi Sorghum
At Bijapur, grain yield of rabi sorghum showed highly significant negative and positive 	
relationship, respectively, with diurnal temperature range and afternoon relative humidity 
during primordial initiation stage.
Pooled analysis of grain yield over last 14 years in relation to weather parameters during 	
different phenological stages brought out that boot stage is the most critical stage and 
rainfall, rainy days, minimum and mean temperature during this stage showed significant 
positive relationship with yield at Parbhani.
At Solapur, varieties achieving high radiation use efficiency also produced higher grain 	
yield.
Radish
From the results of radish under different radiation intensities, it was observed that 25 to 50 	
percent reduction in radiation intensity due to shading resulted in highest yield
Mango
Water use of Alphonso, Malika, Baneshan and Arka Anmol were worked out to be 408, 401, 	
393 and 390, respectively at Bangalore.
At Dapoli, high rainfall and minimum temperature advanced the occurrence of vegetative 	
and reproductive flushes and  the following prediction equation for predicting week of 
vegetative flush (Y) based on minimum temperature (Tmin), morning relative humidity 
(RH1) and rainfall explained 99 percent of variation in occurrence of vegetative flush.
  Y = -135.3-1.69*Tmin+2.21*RHI-0.03* Rain  R2 = 0.99
Amaranthus
At Dapoli Crop raised under different combinations of sowing dates and light intensities 	
showed winter sowing (30 Dec) under 25 percent reduced radiation intensity, produced 
highest yield.
Potato
At Hisar, maximum and minimum temperature and sunshine hours during crop growing 	
period showed significant positive relationship with tuber yield and yield attributes.
Tuber yield at Jorhat showed significant positive relationship with soil temperature during 	
stolon formation stage and sunshine hours at maturity stage.
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Higher temperature during emergence of seedling to tuberization and lower temperature 	
during tuberization to maturity were found to be optimum weather conditions for achieving 
higher tuber yield and tubers per plant at Mohanpur.
Maize
Lower rainfall and low minimum temperature during growing period of crop were found 	
to be limiting factors for yield at Kovilpatti.
At Samastipur, temperature of 27.5°C during reproductive period and warmer conditions 	
throughout the growing period of crop were found to be optimum conditions for achieving 
higher yield.
Safflower
At Solapur, moisture use during the crop growing period positively and significantly 	
influenced the yield and each mm increase in water use enhanced yield by 10.6 kg/ha.
Tea
At Palampur, from the analysis of 14 years tea production at two tea estates in relation to 	
monthly rainfall, it was observed that at Wale Tea Estate, green tea leaf yield of both April 
and June months showed highly significant positive relationship with rainfall during their 
respective previous months, i.e., March and May.
Blackgram and Greengram
Higher soil moisture at all depths and lower accumulated heliothermal units during the 	




At Akola, growing degree days requirement for reaching maturity was highest (1922°C 	
day) in early sown crop and lowest (1741°C day) in two weeks later sown crop.
Validation of crop simulation model DSSAT 4.0 for chickpea at Faizabad showed that 	
simulated yields were closer to observed yield at all three sowing dates.
To validate DSSAT model for chickpea, simulated and measured values of number of days 	
taken for anthesis and maturity under 12 dates of sowing over four years were compared. 
They were predicted accurately in November 2002 sowing only.
At Solapur, crop varieties (Vijay and Digvijay) sown on early date (24 Sept) required higher 	
number of degree days for maturity, i.e., 1419 and 1487°C day than the varieties sown 40 




Different combinations of sowing dates and irrigation levels tried for validating DSSAT 	
3.5 model for wheat at Anand showed that under highest irrigation level and early sowing 
condition only, model simulated yield closer to actual yield.
At this centre, weather-based regression models developed to forecast yield failed to forecast 	
yield consistently, as they predicted yield accurately in some years and with 20 percent or 
more deviation in some other years.
At Hisar, lesser allocation of dry matter towards stem in dwarf variety, facilitates in 	
increasing the dry matter allocation to spike significantly (54%) compared to the allocation 
in tall variety (44.1%).
At this centre, WOFOST model simulated phenology, yield and other crop parameters (except 	
LAI) accurately and the model over-estimated leaf area index (LAI) by 11.7 percent.
Harvest index of wheat at Kanpur was found to be influenced more by genotypes than 	
environments, as it varied from 38.4 to 40.6 percent under different dates of sowing and 
from 35.1 to 42.6 in different genotypes.
Among the phenological stages of wheat, tillering to jointing required highest number of 	
degree days in early sowing and grain filling to soft dough required highest GDD under late 
sown conditions at Ludhiana.
At Raipur, degree days requirement decreased from 1731°C day in early sowing to 1643°C 	
day in late sowing.
At Ranchi centre, total duration of crop and degree days requirement upto maturity were 	
higher in normal sown condition than in late sown condition.
At Samastipur also, degree days required for occurrence of maturity were higher (1936°C 	
day) than in 40 days delayed crop (1656.8°C).
Comparison of actual and predicted grain yield of wheat (using regression models) at 	
Udaipur showed that prediction of grain yield was more accurate using average temperature 
during milking to dough stage, in crop sown on normal dates.
Rabi Sorghum
At Bijapur, prediction errors using WOFOST were minimized by modifying crop parameters 	
and it needs further modification.
Vegetative stage, i.e., period from emergence to 50 percent flowering required higher 	




At Hisar, heat units required for attaining physiological maturity were worked out to be 	
1670, 1524 and 1465°C day, respectively, in early, normal and late sown crop.
Duration of mustard varieties were curtailed by 9 to 19 days with delay in sowing by four 	
weeks and corresponding degree days requirement reduced from 1640, 1885 and 1732°C 
day in varieties PBR-91, GSL-1 and Hyolla, under early sowing to 1560, 1632 and 1596°C day 
in GSL-1, Hyolla PAC-401 and PBR-91, respectively under delayed sowing at Ludhiana.
At Mohanpur, degree days requirement for emergence to first flowering was highest in early 	
sowing and lowest in delayed sowing by one month while the GDD requirement for silique 
formation to silique maturity was lowest in early sowing and highest in late sowing.
Like in other mustard growing centres, growing degree days requirement for attainment 	
of physiological maturity was highest (1766 to 1783°C) in early sowing and lowest (1503 to 
1517°C) in late sowing at Palampur.
At Udaipur, highest harvest index of 30 percent was achieved with more number of 	
irrigations and next highest harvest index in early sowing conditions.
Maize
Cumulative GDD for maturity was highest (2031°C) under early sown crop and lowest 	
(1725-1729 °C) under late sown crop.
At Samastipur, early sown crop required lower number of degree days than lae sown crop 	
for occurrence of all phenological stages.
Potato
Decadal (10 day) irrigation water requirement in potato was worked out using CROPWAT 	
model at Mohanpur.  The water requirement was worked out to be highest (25 mm per 
decade) during 80 to 100 days of the crop.
	
Weather Effects on Pests and Diseases
Mustard
Lower mean relative humidity (MRH) and higher mean temperature were found to be 	
congenial weather conditions for aphids and sawfly infestation in mustard at Anand.
At Rakh Dhiansar, minimum temperature on all 10 days preceding the outbreak of thrips 	
had significant negative relationship with thrips population.
Aphids population and powdery mildew were found to be negatively correlated with 	
minimum and mean temperature and positively correlated with relative humidity and 




At Faizabad, higher maximum temperature and low relative humidity were identified as 	
the factors for high incidence of pod borer population in chickpea at Faizabad.
Low morning relative humidity and higher sunshine hours were found to be responsible 	
for flare up of Helicoverpa armigera egg population in chickpea crop at Jabalpur.
Grapes 
At Bijapur, flea beetle and thrips population were adversely affected by minimum 	
temperature, maximum temperature and afternoon relative humidity at lead times, 1, 2 and 
3 weeks.
Mango
At Dapoli, mango hopper population showed highly significant parabolic relationship with 	
maximum temperature and maximum temperature above or below 33 to 34°C range was 
found to be congenial for hopper population.
At Jabalpur, correlation of hopper population with weather factors, revealed that maximum 	
and minimum temperature exhibited significant positive effect (r = 0.86 and 0.87) and 
morning and evening relative humidity exhibited significant negative effect (r = -0.88 and 
-0.64) on hopper population.
Wheat
At Hisar, rainfall and minimum temperature during 6	 th SMW positively influenced Karnal 
bunt infection (%) in wheat.
Blackgram
At Kovilpatti, minimum temperature showed highly significant adverse relationship with 	
progressive disease index of powdery mildew and minimum temperature around 18 to 
20°C was found to be most congenial for reaching peak infestation.
Cotton
At Kovilpatti, maximum and minimum temperature could show highly significant positive 	
and negative relationship with PDI of bacterial blight and unit increase in maximum 
temperature increased PDI by 6.1 percent and in minimum temperature decreased PDI 3.9 
percent.
Sorghum
Intensity of disease at Kovilpatti was negatively and significantly related with relative 	




  PDI = 376 – 3.7 RHc  R2 = 0.85**
  PDI = 344 – 34. RHo  R2 = 0.84**
Potato
Pooled data of late leaf blight in potato at Mohanpur showed negative relationship with 	
diurnal temperature range and PDI showed increased trend with declining temperature 
range.
Safflower
Aphids and weather relationship at Solapur brought out minimum temperature range of 16 	
to 17°C as congenial weather condition for peak attack of aphids in safflower.
Kharif 2009
Castor
At Akola, all the weather parameters have shown significant positive relationship with yield 	
during seed development in secondary and tertiary spike stages.  It was also found that the 
diurnal temperature range (DTR) was closely related to the decreasing pattern of yield from 
early to late sowing conditions.
Groundnut
Low yield reduction in all the three varieties, viz., Vemana, K-6 and K-1271 under early sown 	
conditions was due to less number of dry spells during pegging and pod initiation stages 
at Anantapur.  Shelling and test weight of the seeds were also observed to be influenced by 
the above weather conditions. 
At Bangalore, low rainfall, less number of rainy days and high evapotranspiration under 	
late sown conditions were found to reduce the seed yield of groundnut compared to normal 
sown conditions.
Rice
The influence of meteorological parameters at different growth stages, viz., panicle initiation, 	
flowering and maturity in Sali rice at Jorhat revealed that accumulated mean temperature 
during maturity stage, maximum temperature and relative humidity during flowering 
stage and rainfall during maturity and panicle initiation were found to be positively related 
with crop yields.
At Kanpur, yield of six rice varieties, viz., PBH-71, PAC-832, NDR-359, CSR-27, Pant-1- and 	
Sarjoo-52 were related to important weather parameters prevailed during vegetative and 
reproductive periods.  The temperature both maximum and minimum during vegetative 
period has shown significant positive relationship with grain yield.
Annual Report 2009
219
At Ludhiana, weather indices, viz., GDD, PTU and HTU during the total growing period 	
was related to the yield and its attributes and found that higher values of these parameters 
are found to be responsible for recording higher grain yields.
The periodic biomass is related to accumulated radiation and rainfall, which explains the 	
variability in biomass by about 71 and 80 percent, respectively at Mohanpur.  Similarly, the 
relationship between cumulative rainfall and yield could explain the variability in the yield 
upto 87 percent.
At Raipur, the heat use efficiency and water use efficiency of three varieties, viz., 	
Chandrahasini, MTU-1010 and Mahamaya grown under different micro-environments 
revealed that the cultivars Mahamaya and MTU-1010 achieved comparatively higher HUE 
than Chandrahasini.
HUE and WUE of three rice varieties, viz., Vandana, BVD-109 and BVD-111 grown under 	
three dates of sowing revealed that cv Vandana recorded highest HUE and WUE values 
under early sown conditions and both these parameters decreased with delay in sowing at 
Ranchi.
At Samastipur, the rice yields of three varieties, viz., Rajendra Suhasini, Rajendra Bhagawati 	
and Rajendra Kasturi grown under four dates of sowing were related with the weather at 
different growth stages. It was found that rainfall from transplanting to dough stage and 
temperature during reproductive period was found to influence the yields significantly.
Sunflower
At Bijapur, the minimum temperature during flower bud initiation stage and flowering 	
stages positively influenced the yield of soybean varieties, viz., KVSH-1, GK-2002, SB-275 
and NSP-91-1(E) grown under three dates of sowing.
Soybean
The radiation interception in three varieties of soybean, viz., JS-335, TAMS-38 and TAMS-	
98-21 sown under four dates of sowing at Akola revealed a highly significant positive 
relationship with leaf area. The rate of interception of radiation with unit increase in leaf 
area is highest in variety TAMS-98-21. The HUE and WUE of variety JS-335 was highest 
compared to other two varieties.
 The crop yields of three varieties of soybean, viz., JS-355, JS-9-05, and JS-97-52 with weather 	
parameters at Jabalpur showed that rainfall during reproductive period significantly 
influenced the seed yield of all the varieties.  Delayed sowing resulted in lower yields.
At Parbhani, the pooled yield data of soybean for the years 2003 to 2009 with weather 	
parameters at different phonological stages revealed that rainfall and rainy days during 
pod and seed development stages had significant positive relationships with yield.  Higher 
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maximum and minimum temperature during pod development to seed development 
showed highly significant negative relationship with the yield.
Cotton
Pooled yield of cotton collected over 12 year period was related with weather parameters 	
during different phenological stages at Parbhani.  Rainfall has shown significant positive 
relationship only during boll setting and bursting stages.  However, sunshine hours during 
boll setting to second picking were negatively related with seed yield. Higher humidity 
favoured proper boll development.
Pigeonpea
At Bangalore, the seed yield of three varieties of pigeonpea, viz., TTV-7, HYD-3C and BRG-1 	
related to weather during crucial growth stages revealed that higher rainfall and number of 
rainy days under early sown conditions helped in recording highest yield compared to late 
sowings.
The radiation use efficiency of three varieties N. Arhar-1, N-Arhar-2 and Bahar grown 	
in three micro-environments at Faizabad showed higher values in early sown conditions 
compared to late sown conditions at all phenological stages. N.Ahar-2 recorded higher RUE 
at all the stages compared to other two varieties.
Maize
The seed yield and total dry matter of two varieties of maize, Kanchan-517 and Hybrid-4046 	
were related with weather parameters at different stages of the crops at Rakh Dhiansar. 
During first 20 days of the crop, maximum temperature was positively and rainfall was 
negatively related with the seed yield and the total dry matter. After 40 days of sowing 
rainfall at all the stages have shown significantly positive relationship with seed yield and 
dry matter.
The microclimatic studies at Udaipur in three varieties of maize HQPM-1, PEHM-2 and 	
Pratap-1 grown under two spacing treatments revealed that wider row spacing at 70 days 
after sowing recorded higher temperatures at different heights compared to closer row 
spacing.
Fingermillet
At Ranichauri, affect of moisture and thermal stress on the growth and yield of two varieties 	
of crop, viz., PRM-1 and a local grown on three dates revealed that higher temperatures 
upto tillering stage and higher ET upto flowering influenced the yield positively.
Suitable contingency crop plan under delayed monsoon conditions was studied with 	
sixteen crops at Solapur. The study, based on yield and its moisture use efficiency, shows 
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that pigeonpea upto first fortnight of August followed by pearlmillet upto end of August 
and clusterbean upto first fortnight of September can be taken up.
Crop Growth Modelling
Castor
The AGDD to attain various phenophases of three varieties of castor under four dates of 	
sowing at Akola revealed that early sown crop (27 week) accumulated higher GDD (2901°C 
day) during crop growth period compared to other three dates of sowing 29 SMW (2694°C), 
31 SMW (2538°C) and 34 SMW (2255°C day), respectively.
Groundnut
Regression models were developed at Anantapur to predict different phenological events. 	
These models could predict accurately the growth stages under early and normal sown 
conditions and with slight variation at late sown conditions.
At Bangalore, a stochastic model developed in earlier years for predicting the crop yields 	
using GDD, sunshine hours and AET and initial dry matter was validated. The percent of 
error was 18 and 34 percent between observed and predicted yield in respect of two dates of 
sowing, viz., 3 and 20 Aug, respectively.
Pigeonpea
The GDD requirements during crop growth period of three varieties, viz., N.Arhar-1, 2 and 	
Bahar under three dates of sowing, i.e., 30June, 10 July and 20 July were found to be 3706, 
3322 and 2915°C day, respectively at Faizabad.
Rice
Rice yields at Faizabad under three dates of transplanting, viz., 5, 15 and 25 July were 	
simulated using DSSAT Version 4.0.  The percent error between observed and predicted 
vary between 3.7 and 8.0 among the dates of transplating.  Phenological events were also 
simulated.
At Jorhat, number of days to attain different phenological events under three dates of sowing 	
in respect of three varieties of Sali rice, viz., Mahsuri, Maniram and Piolee were monitored 
and found that the effect of changing environmental conditions on crop duration was less in 
short duration Mahsuri compared to other two long duration varieties.
The GDD requirement of six varieties of rice crop for vegetative and reproductive stages 	
under three dates of sowing, viz., 12, 22 July and 1 Aug 2009 was computed at Kanpur. The 
GDD values were higher under early sown conditions compared to late sown conditions at 
both stages of crop.
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The effect of cultural management practices, viz., transplanted and direct seed method, 	
transplanting with different age seedlings and different plant populations on the yield of 
variety PR-III was studied using CERES Rice Model at Ludhiana.
At Mohanpur, WOFOST model was used for prediction of LAI, biomass for 2009 and 	
potential yields for the years 2002 to 2009.  The yields vary from 3295 and 3756 kg/ha.
The GDD requirements of three varieties, viz., Vandana, BV-109 and BVD-111 at different 	
phenophases under three dates of transplanting, i.e., 1, 11 and 22 July was monitored at 
Ranchi.  It was found that early transplanted conditions recorded higher GDD (1450°C day) 
compared to late transplanted condition (1369°C day).
Phenology and heat unit requirements of six rice varieties under four dates of sowing, 	 viz., 
31 May, 14, 28 June and 12 July at Samastipur were studied and found that early sown crop 
(31 May) required highest number of degree days (2645°C day) compared to crops sown on 
later dates.
Soybean
The GDD requirement during different phenological stages of three varieties, viz., JS-335, 	
TAMS-38 and TAMS-98-21 grown under four days of sowing, i.e., 1, 8, 15 and 23 July 2009 
were estimated.  Highest number of degree days (1829°C day) was recorded in early sown 
crop and cv TAMS-98-21 recorded highest GDD compared to other two varieties at Akola.
The degree day requirements of three varieties of soybean, 	 viz., JS-335, JS-93-05 and JS-97-52 
under varied thermal regimes at Jabalpur showed that delayed sowing reduced the GDD 
and number of days significantly.
Cotton
Delayed sowing in two cultivars, 	 viz., RCH-134 and MRC-6301 at Ludhiana curtailed the 
crop duration by two weeks. There is not much variation in duration and GDD among the 
varieties.
Maize
The GDD requirement of two varieties, 	 viz., Kanchan-517 and Hybrid-4046 under three dates 
of sowing, i.e., 22 June, 2 and 12 July at Rakh Dhiansar revealed no significant difference 
in GDD under varied dates of sowing. Prediction of phenology using agrometeorological 
indices was also carried out.
The GDD requirements of different phenological events in respect of three varieties, viz., 	
HQPM-1, PEHM-2 and Pratap-1 under three dates of sowing at Udaipur showed that it was 
maximum (1624 to 1671°C day) in early sown conditions and minimum (1430 to 1526°C 
day) in delayed sowing condition.
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Weather Effects on Pests and Diseases
Groundnut
Thumb rules using weather parameters for the incidence of leaf webber were developed at 	
Anantapur.  The groundnut leaf minor (GLM) prediction developed earlier was validated 
and still found large variability between actual and predicted values.  The model needs 
further modifications by inclusion of latest data.
Multiple regression models relating weather parameters with percentage of late leaf spot 	
disease (Tikka) was developed at Bangalore using the data collected over the period 2005-08. 
These models under-estimated the disease percentage upto 90 DAS.  It requires modification 
before using it in AAS.
Pigeonpea
Relationships between maximum and minimum temperature with pod borer population at 	
Faizabad showed that maximum temperature from 24 to 27°C and minimum temperature 
10 to 12°C were found to be optimum for peak incidence.
At Jabalpur, both maximum and minimum temperature were found to have significant 	
inverse relationship with pod borer population.  Maximum temperature around 28 to 31 
and minimum temperature around 12 to 16°C was found to be optimum for pod borer 
incidence.
Cotton
Analyzing leaf curl disease over last four seasons in relation to weather parameters at 	
Hisar, it was observed that disease development was exponentially and positively related 
to cumulative rainfall.  Disease development was observed to be slow till accumulation of 
100 mm rainfall and after that it increased rapidly.
At Ludhiana, congenial weather parameters identified for aphids and thrips are:	
Aphids
Fall in maximum temperature from 34.8 to 31.3°C	
Fall in minimum temperature from 26.9 to 26.1°C	
Decrease in sunshine hours from 7.7 to 6.9 hrs	
Increase in morning RH from 87 to 93 percent and evening RH from 70 to 83 percent	
Thrips
Maximum and minimum temperature  above 38 and 25°C, respectively	
Morning and afternoon RH was below 70 and 55 percent, respectively	
More than 9 hours of sunshine	
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Low minimum temperature and high afternoon relative humidity during the previous 	
week or the same week of pest attack were identified as congenial weather conditions for 
boll worm attack in cotton at Parbhani.
Rice
AT Raipur, yellow stem borer showed significant inverse parabolic relationship with 	
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Akola F - - F F -
Anantapur F F F F F V
Anand F F V F F F
Bangalore F F F F F F
Bhubaneswar F - - F F -
Bijapur F - - F V -
Dapoli F - - F F -
Faizabad F F F V F F
Hisar F F V F F F
Jabalpur F F F V F F
Jorhat F - - F F -
Kanpur F - - F F -
Kovilpatti F F V F F F
Ludhiana F F V F F F
Mohanpur F F F V F F
Palampur F - - F F -
Parbhani F - - F F -
Ranchi F F F V F F
Ranichauri F F F V V V
Raipur F - - F F -
Rakh Dhiansar F - - F F -
Samastipur F - - V F -
Solapur F V F F F F
Thrissur F - - F F -
Udaipur F - - F F -
Total posts 
sanctioned
25 12 12 25 25 12
Total posts filled 25 11 08 19 23 10














1 Akola 500000 18000 160000 0 13000 691000
2 Anand 1000000 22000 215000 0 13000 1250000
3 Anantapur 650000 22000 215000 0 13000 900000
4 Udaipur 500000 18000 160000 0 13000 691000
5 Bangalore 1146452 22000 215000 0 13000 1396452
6 Bhubaneshwar 709000 18000 160000 0 13000 900000
7 Bijapur 800000 18000 160000 0 13000 991000
8 Dapoli 509000 18000 160000 0 13000 700000
9 Faizabad 590000 22000 215000 160000 13000 1000000
10 Hisar 1500000 22000 215000 160000 13000 1910000
11 Jabalpur 1200000 22000 215000 0 13000 1450000
12 Jorhat 1500000 22000 215000 3250000 13000 5000000
13 Kanpur 500000 18000 160000 160000 13000 851000
14 Kovilpatti 675923 23000 215000 0 13000 926923
15 Ludhiana 1186039 22000 215000 160000 13000 1596039
16 Mohanpur 806109 22000 215000 160000 13000 1216109
17 Palampur 800000 18000 160000 0 13000 991000
18 Parbhani 500000 18000 160000 0 12000 690000
19 Raipur 578351 18000 160000 0 12000 768351
20 R.Dhiansar 1289592 18000 160000 0 12000 1479592
21 Ranchi 837534 22000 215000 0 12000 1086534
22 Ranichauri 1219000 22000 215000 0 12000 1468000
23 Samastipur 500000 15000 160000 160000 12000 847000
24 Solapur 746000 22000 220000 0 12000 1000000
25 Thrissur 710000 18000 160000 0 12000 900000
26 PC Unit 0 0 300000 0 0 300000
 Total 20953000 500000 5020000 4210000 317000 31000000
All India Coordinated Research Project on
AGROMETEOROLOGY

